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Business seen leveling off at 
point somewhat lower than 1948, 
but far above pre-war. Power 
companies schedule record addi- 
tion to generating capacity. Sav- 
ings in steel now possible to some 
manufacturers. 


A S THE first quarter of 1949 


rounds out, indications of ris- 
ing orders in various industrial lines 
lend credence to the hope that busi- 
ness is shifting back to a normal 
basis, the level being somewhat 
lower, perhaps, than in 1948 but still 
far above pre-war. Purchasing ex- 
ecutives, in a recent report of the 
National Association of Purchasing 
Agents, note definite signs that the 
decline in industrial activity which 
began last November is losing its 
force and starting to taper off. 


Employment in February stood at 
57.2 million, a figure slightly above 
that of February a year ago. Unem- 
ployment, while still increasing, was 
rising at a diminishing rate. The 


Federal Reserve Board’s index of 
industrial production, which in Octo- 
ber reached a post-war high of 195, 
was 19] in January and continued 
close to that figure in February. 
Overall industrial activity is currently 
supported by record-breaking steel 
output and automotive production. 
Other industries, including railroad 
equipment and most of the machinery 
lines, continue to operate at near peak 
levels. ; 

Big stake holders in the continua- 
tion of high-level industrial output 
are the electric power companies. 
now engaged in a record program of 
expansion of electric generating capa- 
city throughout the country. The 
1948 total of 4,400,000 kw of new 
installed capacity brought the na- 
tion’s generating capacity to 56,400,- 
000 kw, half again that of 1939. This 
year, the expansion program is sched- 
uled to hit its peak with new instal- 
lations totaling 6,700,000 kw. At the 


Piiot production line for subminiature assem- 
blies set up at National Bureau of Standards 
to study tooling problems. 
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completion of the industry’s expan- 
sion program in 1951, scheduled in- 
stallation of new generating capacity 
will have reached 25 million kw to 
bring the total available kw capacity 
close to 75 million. 

Three factors are seen as under- 
lying causes for this rising national 
demand for electric power. They in- 
clude a big war and post-war crop 
of manufacturers and commercial 
firms, the mushrooming rural elec- 
trification program, which is aimed 
at bringing electricity within the 
reach of 96 per cent of all rural 
families by 1951, and the deluge of 
new electrical appliances which con- 
tinue to pour into the nation’s homes. 

Specific indications of current pro- 
duction trends in various lines of 
electrically operated products are to 
be found in some of the following 
early statistical reports and forecasts 
for 1949: 

Business machine __ production 
continues to run at a high level. Ac- 
cording to one prominent manufac- 


MONTHLY SCOREBOARD 


TREND IN FACTORY SALES OF 
SELECTED ELECTRICALLY OPERATED PRODUCTS 


SALES SALES 
JAN. 1949 | JAN. 1949 
COMPARED | COMPARE! 
TO DEC. 1948 | TO JAN. 1948 


PRODUCT CLASSIFICATION 
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Note: Compiled from available industry and government sources by 
the Market Research Department of ELECTRICAL MANUFACTURING. 
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Dec. 1948 as against Dec. 1947. 
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turer, total output of electrically 
operated business machines in 1948 
amounted to $306 million as com- 
pared with $290 million in 1947, 
Estimates for 1949 point to a $275 
million market. 

Machine tool shipments, accord- 
ing to latest reports, dipped in Janu- 
ary, the index of the National Ma- 
chine Tool Builders’ Association 
standing at 68.8 as compared with 
96.9 in December. 


ever, were at 87.1. 


New orders, how- 
the highest they 
have been since June 1947. Foreign 
orders, at 21.9, were also well above 
any previous month in the last two 
years. The machine tool index uses 
the average shipments of 1945-46-47 
($344 million) as its base for 100 
per cent. 

Electrical appliances present a 
mixed picture at this writing. Fac- 
tory sales of vacuum cleaners rose 
9.9 per cent in February, totalling 
241,267 units as compared with 228,- 
769 in January, but were still 22.5 
per cent below sales. in February 
1948. Household washer sales in 
January came to 177,900 units, about 
90 per cent below the 360,445 units 
shipped in January last year. On the 
other hand, refrigerator output in 
January almost equalled the all-time 
high attained in October 1948 with 
factory sales amounting to 396,329 
units for those companies reporting 
their NEMA. Electric 
range sales for January also showed 
an increase, with 109,919 units as 
compared with 104,830 in January 
a year ago. 

Factors tending to sustain and, if 


figures to 


possible, improve the present volume 
of appliance sales are the recently 
announced price cuts in some of the 
major appliance lines by several of 
the iarger manufacturers, and_ the 
Federal Reserve Board’s relaxation 
of installment buying down payments 
from 20 to 15 per cent, with 21 
months to pay instead of 15. 

Farm and home freezer sales 
by those companies reporting their 


figures to NEMA totaled 450,550 
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Distinctive styling . . . proper physical characteristics . . . unsur- 
passed quality . . . nominal cost... these are but a few of the 
reasons why many leading manufacturers use handles which are 
custom-molded by General Industries. 


With custom-molded handles there are no restricting limitations to 
hinder design engineers. Every service requirement of the finished 
product can be taken into careful consideraticn, with the handles 
produced accordingly. And at General Industries, advanced mold- 
ing techniques, plus the latest types of molding equipment, make 
it possible to effect valuable savings on large quantity orders. 


General Industries—one of America’s foremost and largest pro- 
ducers of custom-molded plastics—offers you a confidential Cost- 
check engineering service without cost or obligation. For com- 
plete information, write today to: 


The GENERAL INDUSTRIES Co. 


DEPARTMENTW « ELYRIA, OHIO 





Factory Shipments of Fractional-HP and Integral-HP Motors* 
(1948 compared to 1947) 


1948 1947 


Types — 
Units 


Fractional-HP: 


Aircraft motors, genera- 
tors, and motor-genera- 
tor sets 151,758 

Universal motors and parts 


Shaded pole motors, all 
types, rated 440 hp., 1725 
rpm and smaller, not 
included above 


All other fractional-hp 
motors, generators, and 
motor-generator sets 


1,781,161 


Total | 


Integral-hp motors, single | 
phase, 1 hp and larger, 
all types 


214,038 


Integral-hp polyphase induc- 
tion motors: 


1 hp up to and incl. 5 hp 


Larger than 5 hp up to 
and incl. 20 hp 


All others larger than 20 


hp up to and incl. 200 
hp 


Total 


2,599,551 


8,736,853 


13,269,323 | 


884,693 | 


Value Units 


$ 5,763,856 597,278 


2,618,043 


$ 10,918,308 


16,873,030 17,876,518 


6,768,060 2,147,421 7,636,571 


111,567,331 9,895,931 148,581,083 


$140,972,277 $185,012,480 


15,258,673 | 


$ 17,310,331 


$ 45,224,877 800,307 7,712,780 


35,450,053 238,738 7,789,152 


41,660,880 66,819 30,488,340 


$122,335,810 1,105,864 | $124,988,272 


® Based on statistics compiled by NEMA from member and reporting companies only. 


units in 1948 as against 288,763 in 
1947. Factory sales in 1949 have 
been estimated at approximately 500,- 
000 units by Fred J. Becker, presi- 
dent of the National Association of 
Frozen Packers. 

Packaged commercial refrig- 
eration and air conditioning 
units have a market potential far 
greater than pre-war, according to 
the General Electric Company, but 
intensive, competitive selling is now 
in order. The company has recently 
cut prices on this line of equipment 
by an average of 10 to 12 per cent. 
A potential 1949 sales volume of $149 
million exists for packaged commer- 
cial refrigeration units, while the 
market for packaged air conditioning 
units is approximately $84 million. 
according to company estimates. 

Television receiver production, 
off to a good start toward the two 
million unit goal set for 1949, totaled 
121,238 units in January to maintain 
a weekly average of 30,310 sets. ac- 


cording to a report of the Radio 
Manufacturers Association. The Janu- 
ary total was well below the 161,179 
units produced in December because 
the latter month included five weeks 
as against four in January. Produc- 
tion of all types of sets, both tele- 
vision and radio, dipped below the 
million mark for the first time since 
last summer. Radio receivers of all 
types produced in January totaled 
709,633 sets, of which 147,733 were 
FM-AM types. 

Electric motor backlogs have 
been cut drastically within the past 
two years according to a spokesman 
for the Westinghouse Electric Cor- 
poration. At the beginning of 1947, 
the motor manufacturing industry 
had a backlog of 2,600,000 electric 
motors of the ordinary factory sizes 
on order. Today, the backlog stands 
at about 300,000 units, with delivery 
dates greatly reduced for most types 
of motors. 

Motor and generator sales billed 


by those companies reporting their 
figures to NEMA totaled $315 mil- 
lion in 1948, a decrease of 14 per 
cent from the $368 million in billings 
reported in 1947. Fractional horse- 
power motor sales aggregated 15.2 
million units, off two million from 
the previous year. Aircraft types ac- 
counted for the largest single decline 
within this category. 

Integral horsepower polyphase in- 
duction motors, rated one to 200 hp, 
sold during 1948, totaled 884,693 
units, off 20 per cent from 1947 sales, 
Within this category, however, sales 
of motors rated above 20 hp showed 
an increase over the previous year, 
with 72,773 units sold in 1948 as 
compared with 66,819 in 1947, 

Industrial control apparatus 
sales in 1948 showed a gain of 7.6 
percent over the previous year. Fac- 
tory shipments billed by 16 com. 
panies reporting figures to NEMA to- 
taled $115 million in 1948, as com. 
pared with $107 million in 1947, 
Magnetic across-the-line starters (size 
0-5) including reversing, non-revers- 
ing, multispeed types, etc., accounted 
for $27.2 million of this total, steel 
mill and material handling equipment 
controls, $13.3 million, and reduced 
voltage starters, including manual 
and magnetic types, $9.2 million. 

Other types of control contributing 
to the overall total were: A-c and d-¢ 
special purpose controls, including 
fire pump, battery charging, domestic 
service, industrial heating dynamom- 
eters, laundry, rubber mill, paper mill 
and graphic arts—$10.8 million; 
manual a-c across-the-line starters, ex- 
cluding drum switches—$4.6 million; 
electronic and magnetic resistance 
welding controls—$4.1 million; syn- 
chronous motor controls—$3.3  mil- 
lion; d-c manual and magnetic start- 
ers and speed regulators—$3.3 mil- 
lion; and a-c and d-c marine and 
navy auxiliary controls—$2.6 million. 

In the transportation field, the elec- 
tric trolley coach industry topped all 
previous production figures for the 
second successive year in 1948 with 
deliveries to operating companies to- 
taling 1,426 vehicles, according to a 
private industry survey. This brings 
to 5,698 the number of | trolley 
coaches now in operation in 66 cities 
throughout the country. Present im 
dications point to further expansion 
this year with several cities awaiting 
delivery of large orders in 1949. 

A recent report from the Census of 
Manufactures indicates that commer 
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big news in insulation is HARVEL 
donc ... an outstanding development by 
IRVINGTON which provides an insulating varnish 


with far greater bonding and cementing qualities 
than the numerous thermo-setting varnishes tested. 
It’s a very fast curing resin .. . absolutely oil-proof, 
and with excellent resistance to moisture and high 
temperatures. Unequalled for windings operating at 
high peripheral speeds as well as those subject to 
great stresses and strains. 


« Aaa iy +s 
eS e — ee Oh Full information and generous test samples of HARVEL 
| LY p YP 1012C will be furnished on request. Write today. 
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cial laundry machinery shipped dur- 
ing 1947 was valued at $94.4 million, 
as against $22.4 million in 1939. 
Production in 1948 was estimated at 
about $50 million by the Laundry and 
Dry Cleaners Machinery Association. 
Forecasts for 1949 production in this 
industry point to a continuation of 
the 1948 level. 

Shipments of resistance welding 
equipment in 1948, as reported by 
member companies of the Resistance 
Welder Manufacturers’ Association, 
continued to run at a level close to 
five times that of 1939, with a dollar 
volume totaling approximately $25 
million. Estimated factory sales of 
electrically operated meat packing 
machinery during 1948 totaled about 
$20 million according to the Meat 
Machinery Manufacturers Institute. 
Present indications are that sales in 
1949 will be at about the same level. 

Lead in plentiful supply, cheaper 
steel on some manufacturers’ assem- 
bly lines, and indications of an easing 
of the copper shortage are among the 
more recent developments in the ma- 
terials situation. 

The recent lead price cut, from 
21% to 191% cents a pound, points 
up the sharply slackening demand for 
this metal, which until late last year 
was in shorter supply than either cop- 
per or zinc. Chief factor in this situa- 
tion is the storage battery industry 
which normally takes about one-third 
of the lead supply. Sales of automo- 
tive replacement batteries have fallen 
far below normal this winter with the 
result that battery makers have sharp- 
ly curtailed the buying of new lead. 
Another factor has been the large im- 
ports of lead which have aided in 
changing the supply situation from 
one of scarcity to one of plenty. Lead 
imports in 1948 totaled 359,613 tons, 
as compared with 230,193 tons in 
1947. 

While no direct steel price cuts 
have yet been reported from any of 
the mills themselves, savings in steel 
costs are being marked up by some 
manufacturers who are _ benefiting 
from the booming steel production at 
the mills plus some let-up in demand. 
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Market Research Department of ELECTRICAL MANUFACTURING 


4 Comparison is for Dec 1948 as against Nov 1948 and Dec 
1948 as against Dec 1947 February against January 
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b NEMA monthly index of domestic dollar sales billed Components 
of index are: laminated products; manufactured electrical mica; 
special dry process electrical porcelain; varnished fabric and 
paper; vulcanized fibre 


© Average reported production during Feb. 1949 as against 
Jan. 1949 and Feb. 1949 as against Feb. 1948 


An increasing number of steel users 
are now getting increased shipments 
from their home town producers. 
This means placing less orders for 
steel at distant mills with the re- 
sultant savings in freight costs. 
Several big steel users are also 
breaking away from the “conversion” 
market, in which ingots are pur- 
chased at one plant and rolled at an- 
other, because of a steadier flow of 
steel from their regular suppliers. 
This has resulted in an additional 
saving in steel costs. As for mill 
prices, one industry spokesman pre- 
dicts that current prices can be ex- 
pected to prevail for at least another 
sixty days. Beyond that, the order 
outlook for the balance of the year 
and the nature of steel labor wage 
and benefit demands scheduled to be 
presented in May will determine the 
price trend. 
Increased production plus some 
slipping in demand have tended to 


ease the copper supply situation. Re- 
fineries turned out 80,275 tons of 
copper in February, as compared 
with 78,298 tons produced in Janu- 
ary, a gain of 1,977 tons. At the 
same time, activity in the brass mill 
industry has currently fallen off by 
as much as 40 per cent. Demand for 
certain types of electric wire prod- 
ucts has also fallen off. However, the 
overall consumption of copper by 
makers of wire and cable remains 
steady and to date has offset the 
drop in brass mill activity. Another 
offsetting factor is the government’s 
stockpiling program under which an 
estimated 10,000 tons a month have 
been purchased for defense needs. 
Paint prices will not be affected by 
the recent lead price drop, say lead- 
ing paint manufacturers. This is be- 
cause lead prices are still so high as 
compared with other paint pigments 
that very little lead is being used any 
more. As for other types of pigments, 
some easing in the supply is fore- 
1949, Output of ilmenite, 
titanium, attained 
record proportions last year. Plant 


seen in 
which contains 
capacity for titanium pigments was 
increased by about 10 per cent dur- 
ing 1948 and further plant expan- 
sions are planned in 1949, 

Price cuts in cellulose acetate plas- 
tics used for injection molding, from 
42 to 35 cents a pound, were an- 
nounced recently by two leading plas- 
tics manufacturers. The lower price 
for cotton linters, which sold as high 
as 12 cents a pound during the war 
and which are now down around 
four or five cents a pound, has been 
of help to cellulose acetate makers in 
lowering production costs. The price 
change brings cellulose acetate into 
closer competition with polystyrene 
plastics, which sell at 27 cents a 
pound, and which lately have been 
cutting into the market for acetate. 

Shipments of gear products in 1948 
were 10.3 per cent above those in 
1947 according to the American 
Gear Manufacturers Association. 
Open gearing shipments showed an 
increase of 8.9 per cent, while en- 
closed types were up 11.5 per cent. 


Among feature articles scheduled 


to appear in coming issues @ Machine tool Electrical Control applications @ Select- 


ing the lowest cost Wire Terminal e An electronic Variable Frequency power 
supply @ Design story behind a motor driven Knife Sharpener. 


ELECTRICAL MANUFACTURING 





Ebiastad 








A Challenge and an Opportunity 





“To foster and encourage a continuing progress in creative design and tech- 


nological advancement. 


To stimulate interest in design and engineering as 


they relate to the creation of machines or products that are motor operated 


or otherwise electrically energized.” 


INCE the words above were first writ- 

ten in 1935 to state the aims of the 
Ist ANNUAL ELECTRICAL MANUFAC- 
TURING PRODUCT DESIGN AWARDS COM- 
PETITION, fifty names have been inscribed 
in the journalistic log which records the 
winners in ten Competitions. 

Five more progressive and alert prod- 
uct manufacturers will have their names 
inscribed there in a matter of months, 
when the final judging takes place for the 
llth ANNUAL ELECTRICAL MANUFAC- 
TURING PRODUCT DESIGN AWARDS COM- 
PETITION announced elsewhere in this is- 
sue. Thus ELECTRICAL MANUFACTUR- 
ING again sponsors an event recognized 
as a vitalizing force in encouraging man- 
ufacturers and stimulating engineers and 
designers in striving for better and more 
useful products. 

In keeping with the fundamental phil- 
osophy of ELECTRICAL MANUFACTUR- 
ING, the annual Competitions have as 
their objectives extended use of electrical 
energy in appliances, machinery and 
equipment, and the intelligent adoption 
of ever-improving mechanical compon- 
ents and materials. In these Competitions, 
engineering for performance and design 
for appearance are joined in a common 





approach to sound product development. 

Integrity of design has always been 
considered of major importance. Good ap- 
pearance—eye appeal—has been stressed 
as being just as essential in industrial ma- 
chinery as in home appliances or office 
equipment. The product must have a 
purpose and fulfill a need, with an ap- 
preciation of the economics of its field. 

Manufacturers have come a long way 
in developing products which use elec- 
tricity, as a review of pages of ELEC- 
TRICAL MANUFACTURING of a score of 
years ago shows conclusively. Engineers 
and designers are to be commended for 
their progress, often against heavy odds. 
The best sales organization falls short of 
its objectives if the product is a dud. 
Everything—everything depends on good 
engineering and design. 

So, ELECTRICAL MANUFACTURING 
continues to encourage engineers and de- 
signers to greater accomplishment through 
these Competitions, providing both a 
challenge and an opportunity—a chance 
to do a better job, and an opportunity 
for management recognition for a task 
well done. 


See pages 89-92 in this issue 
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Fig. 1—Dimensional data on typical line of syn- 
chros. Generators and motors are identical in 
size and external appearance. 














Srncro Units 


For Remote Indication and Control 


S. N. MEAD and GEORGE E. DAY 


Sig-Trans, Inc. 








Chief Engineer 


ELF-SYNCHRONOUS egenerator-motor units 
for electrical transmission of positional informa- 
tion or effecting control at a distance have been 
given the name “Synchro” by the Armed Services when 
manufactured to JAN specifications. For industrial, ma- 
rine and aircraft application these components are 
offered under various trade names, such as Autosyn, 
Selsyn, Sig-Tran, Telesyn, Teletorque and Teleindicator 
units (see appendix). A simple system consists of one 
generator or transmitter interconnected with one or 
more motors or receivers, all excited by a single-phase 
source of alternating current, usually 115 volts, 60 cycles. 
When the shaft of the generator is turned manually or 
by some mechanical means the shafts of the motors will 
follow the generator shaft and keep in synchronism 
with it. 

Several articles have been published* on the theoret- 
ical design and application of these units. This article 
will be confined to giving values of operating character- 
istics and the interpretation of these values insofar as 
they pertain to the desired operation. 

A modern marine telegraph signalling system fur- 
nishes a typical example of an application of a synchro 
system. A generator is mounted in an appropriate case, 
together with an operating handle, dial and pointer, and 
the complete instrument is located on the ship’s bridge. 
The receiver motor, or indicator, is mounted in a similar 
case, together with its dial and pointer, and this instru- 
ment is located in the engine room. The dials are marked 
with the various orders governing the operation of the 
engines. The pilot on the bridge can then give the neces- 
sary orders to the engine room by moving the handle on 
the transmitter. The receiver moves its pointer to the 
corresponding position. 

There are two general types of units manufactured. 
One type has a three-phase stator with a single-phase 
rotor. The other type has a single-phase stator with a 
three-phase rotor. In both cases the single-phase wind- 
ing is the primary or energizing winding. There have 
been and are good arguments as to the advantages of 
one type over the other, but the question is highly theo- 


* See the following articles in ELECTRICAL MANUFACTURING: i 

“Self-Synchronize for Remote Control,” Harold Chestnut and C. T. 
Johnson, Desunber 1944, p. 96. e 

“Consider the Synchro and How It Could Solve Control Problems, 
Nils B. Michelson, March 1947, p. 93. ea 

“Electrical Couplings for Control and Indicator Transmission,” Joseph 
T. McManey, November 1947, p. 109. 


ELECTRICAL MANUFACTURING 











Kollsman Teletorque transmitter (below) and 
indicator as applied to aircraft instrumentation. 


Characteristics Transmitter Indicator 
PAO. OBB: a. cc's de ve adnan 60—400 60—400 
EEE? Gain tn sia hed as os be Sa 32—110 32—110 
CN IRR bi shcxwaniwawerns 450—390 75— 34 
ME ia 60h hoes 1 kA Sea 8 5.1— 7.0 1.7— 0.8 
Secondary volts, max ........ 17— 22 — 22 
Torque for 10° disp., oz-in. .. 0.55—0.45 0.045—0.056 
SOO: TON vircenceedeeens 7 = 


retical. In actual practice, neither type has shown an 
advantage over the other. Both types have been in serv- 
ice for years and have proved equally reliable. This 
question can therefore be ignored, and units selected for 
the use intended on the basis of torque, accuracy, heat 
rise, and cost. 

The following brief description covers the single-phase 
stator type, but applies equally for the other type, keep- 
ing in mind that the single-phase winding is the primary 
whether it is on the stator or rotor. 

Generators and motors are manufactured to extremely 
high standards and are precision units throughout. In 
appearance they resemble a small fractional-horsepower 
motor, but their operating characteristics are entirely 
different. Rotors and stators are built up of high-grade 
silicon steel laminations. Slip rings are of a silver plat- 
inum alloy, with brushes of fine silver. The end frames 
and stator housings are of bronze or aluminum castings. 
The rotors are mounted in precision ball bearings espe- 
cially selected for minimum friction and radial clear- 
ances. Coils are impregnated and baked. 

Magnetic structure consists of a salient pole stator 
with associated coils which are connected to a single- 
phase source of alternating current and this produces the 
excitation for the unit. Rotor is of the multi-slot type 
with three groups of coils spaced 120 deg apart and 
Y-connected with the ends brought out to the three slip 
rings. This winding is practically identical to the 3- 
phase winding of an alternator and is commonly called 
a 3-phase secondary although it does not produce 3- 
phase voltages in the usual sense of the word. Voltages 
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Operating characteristics and design 


data for application of a-c self-synchron- 
ous units for the electrical transmission 


of data from one location to another. 


produced by this secondary winding are three voltages 
which vary from zero to maximum and back to zero 
twice in one revolution of the rotor. If these voltages 
are plotted on rectangular coordinates with the angular 
position of the rotor as the abscissa and voltage as the 
ordinate, three sine curves will appear and they will be 
spaced 120 deg apart, but all three voltages will be in 
time phase with each other. 

It follows that if a generator and motor are connected 
together, their rotors will take a very definite position 
relative to each other. This position is such that the 
three voltages of the motor are equal and opposite to the 
three voltages of the generator. If the generator rotor is 
restrained from turning and the motor rotor is displaced 
slightly, the voltages of the two will be unbalanced and 
current will flow in the rotor windings, thereby setting 
up a torque which tends to bring them back into a bal- 





Electric marine telegraph 
transmitter and indicator, 
using a Sig-Tran size 3 
motor and generator oper- 
ating on 115 volts, 60 
cycles, single phase. 











































anced voltage condition, or in position “synchronism.” BB a Henschel rudder angle 

These units are manufactured in various physical sizes transmitter and _ indi- 
and motors should be selected with a torque value suit- cator. Generator and 
able for the work (size of pointer or dial) required. The moter operate on 115 
generator size will depend upon the size and number of Co, OP ‘ayeive; com 
motors to be operated. For dimensions of a typical line ae cd ew 2 ae 
see Fig. 1. Generators and motors are identical in ap- —e 
pearance, size and characteristics, except that motors 
have a mechanical oscillation damper to prevent spin- 
ning and to retard the oscillations of the pointer. 

The majority of motors now manufactured have a 
standard maximum secondary voltage of 90 volts. Be- 
cause of this standardization, motors of any type of 
manufacture can be used with other makes. This per- 
mits the addition of units to existing systems when nec- 
essary, provided the generator has sufficient capacity 
and has a 90-volt secondary. 

At this point it may be of interest to review briefly the 
history of a-c synchronous units. The original idea 
seems to have been applied to fire control indicating sys- 
tems by the Italian Navy prior to World War I. These 
units were standard fractional-horsepower motors re- 
wound with a single-phase field and a 3-phase rotor 
winding. Due to the friction of the sleeve bearings the 
rather crude magnetic circuit, and large brushes and slip 
rings, the accuracy obtained was only about 10 to 15 deg. 
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The Germans refined these units into a more suitable opment has been in progress in order to obtain greater 
form and used them on submarines and surface vessels accuracy and reliability. Differential generators and 
for various signalling systems, such as engine order tele- motors and control transformers, which are modifica- 
graphs and rudder angle indicators. These units had an tions of the original signalling units, have been developed 
accuracy of from 3 to 5 deg with a very limited torque. that permit various other applications, such as remote 

After the Armistice these units were available in this control units and servo-systems. 


country. From that time to the present a constant devel- Until our entry into World War II synchros were 





Table I—Mechanical and Electrical Characteristics of Synchro Units Illustrated in Fig. 1 
115 volts, 60 cycles 


Torque, in-oz. 





































Unit size and type Amperes | Watts | Secondary | "e- Accuracy 
Volts - | 
| max. Deg L' 20° Max. 
Size 1 Motor 0.21 | 4.40 | 90 45C | 1% 0.06 1.10 4.0 
‘ — | ah maa seas I a 
Size 3 Generator | 0.55 7.35 90 10C 1 0.38 8.0 27.0 
Size 3°Motor | 0.55 | 7.38 90 10 C 1 0.38 8.0 27.0 
Size 5 Generator | 1.10 | 11.60 90 40 C 1 1.12 23.0 80.0 
Size 3 Differential | 1.90% | 25.0% | — 0 C : + om 5.4 | 18.0 





Size 3 Control Transformer | 0.04 1.0 56 Nil \% 










* Values listed are for total system when differential is connected to one size 5 and one size 3 generator. 
Values for motors and generators listed above are for units of the same size connected together. 





Table 1l—Torque Values for Motors Table 11]—Number of Motors and Control 











Connected to Larger Size Generator Transformers Operated Off One Generator 
a | | 
Torque, in.-oz. | Number of Motors Be a 
Generator Motor oe i“ dice Generator | No. of Size 3 
Size Cont. Trans, 


Size | | Size 
j 
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Application of six G-E selsyn transmitters to a Gisholt 
balancing unit. Manually preset data from balancer is 
transmitted to synchro receivers which position cams to 
control feed depth of six independent drill heads to 
bring about dynamic balance of automobile crankshafts. 


emma 


Oe eee 


comparatively unknown outside of the Army and Navy 
Departments. During the war period many thousands of 
these units were used by these Services for various appli- 
cations. As a result these units have become well known 
in general principle, but due to the necessary secrecy of 
military operations, use of these units commercially has 
heen limited because of the lack of knowledge of their 
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Two synchro units are used in this Arma dead reckoning 
analyzer. The upper one, a differential motor, furnishes 
torque, whereas the motor mounted dirctly within the 
dial is used as an indicating and control device in a light 
contact-making mechanism where torque requirement 
is small. Signal is received from transmitter on compass. 
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Fig. 2—Influence of the resistance of connecting line 
on the torque of a synchro motor. 


- 





capabilities as well as their inherent operating limitations. 

In order to simplify the interpretation of values the 
manufacturer’s table of sizes and characteristics of Sig- 
Tran units will be used. In Fig. 1 the dimensions of the 
various units are given. Table | lists the usual character- 
istics as supplied by the manufacturer. These values will 
be different for the various manufacturers, but the inter- 
pretation of these values will be similar. 

The accuracy specified is the maximum error that may 
be expected in a simple system consisting of one gener- 
ator of the size specified when connected to one motor 
only, with the rotor free and having mounted thereon a 
simple pointer or light weight dial. The maximum error 
specified occurs at a few points only, and the average 
error is approximately 30 per cent of this value. These 
values of accuracy are obtained only when the motor 
pointer is allowed to come to rest, and are known as the 
static accuracy. 

If a friction load, such as gearing between the motor 
and the pointer is introduced it will be necessary to de- 
termine friction load in inch-ounces in order to deter- 
mine the resultant accuracy to be expected. As a general 
rule the torque curve of a motor is approximately a 
straight line from 0 to 10 deg. If the motor is rated at 
0.38 inch-ounce torque per deg, for example, it follows 
that a motor with an additional friction load of 0.38- 
inch-ounce would lag 1 deg from its true synchronous 
position. This added to the initial inaccuracy of a free 
motor, which in this case is listed as 1 deg, would give a 
maximum inaccuracy of 2 deg. Increased friction load 
will cause a proportionate increase of the accuracy. 

Where a motor is required to drive a load, the load 
must not exceed the torque rating listed in Table I under 
the heading ‘Torque at 20 deg Displacement,” also in 
Table II which shows torque values when a motor is tied 
in with a generator of larger size. Operating the motor 
with a greater displacement (or lag) will cause undue 
heating and might result in damaged windings. 

From the above it is evident that where extreme ac- 
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3 CONDENSERS 
10 MFO EACH 


per REQUIRED WITH Two 


VU | size 3 eenerators 
casa ee 


SiZE 3 GEN. 
WITH CONDENSERS 








SIZE S&S GEN. WITH- 
OUT CONDENSERS 






ene 2 SIZE 3S 
OIFFEREN TIAL a si 
Ri st 





DIFFERENTIAL TORQUE PER DEGREE 
WITH TWO SIZE 3 GENERATORS, 0.20 IN. OZ. 
WITH OWE SIZE 5 AND ONE SIZE 3, 0.25 IN.OZ. 
NS VOLTS 
@O CYCLES 








Fig. 3—Magnetizing current for the differential must 
be supplied by the synchro generator. To reduce this 
added load on the latter, a bank of capacitors is used 
to counteract the lagging magnetizing current. 





curacy is required the motors should not be used where 
a friction load is involved. However, if accuracy is not 
required then the motor may be used where the load will 
not cause the motor to lag more than 20 deg. 


Synchronous Rotation Obtainable 


As the motor will revolve at the same speed as the 
generator it is often proposed to use these units to repro- 
duce a true synchronous motion at a remote point. This 
can be done provided again that the friction load at the 
motor does not cause the motor to lag more than 20 deg. 
One application of this principle has been the use of gen- 
erators and motors to drive a revolution counter at a 
remote point from a revolving shaft. 

For this use generators and motors should be selected 
with torque adequate for the work to be performed. In 
addition the maximum speed should be kept as low as 
possible, and for long life performance the speed should 
not exceed 250 rpm. The limiting factor on speed is 
lubrication of the motor bearings and the wear on the 
slip rings and brushes. Units have been used at 1500 
rpm but this high speed is not recommended where long 
life operation is required (1200 hr or more). For any 
proposed system operating at speeds in excess of 250 
rpm it is recommended that an actual test under the pro- 
posed conditions be conducted. 

The number of motors that can be operated by one 
generator depends on the size of the motor and the size 
of the generator used, as well as the size and weight of 
the pointer or dial, the final accuracy desired and the 
required dampening of the indicator pointers. 

Table III is a list of the conservative number of 
motors, without load, which may be operated from a 
given size generator with good accuracy and good damp- 
ening of indications. A larger number of motors may be 
used but they should be set up and tested under the 
actual conditions of pointer or dial weight to insure sat- 
isfactory results. 

The distance between the generators and motors for 
satisfactory operation depends primarily on the resistance 
of the five connecting wires. The resistance of the line 





78 































Indicator motor may be used to make a permanent rec- 
ord on a chart (not shown). This Henschel recorder 
employs an 11 watt, 115 volt, 60 cycle motor. Helical 
groove on drum translates rotary motion into linear 
motion of pressure stylus on ink tape. Separate motor 
is emploved to drive the chart. 


will cause a reduction in torque of the unit. For all 
practical purposes, over the distance commonly used, the 
capacity between conductors can be ignored. 

The curve shown in Fig. 2 gives the approximate re- 
duction in torque per degree with the resistance per line. 
From this curve it is evident that the practical distance 
will depend upon the size of the conductor used. For 
general signalling purposes the distance (or resistance) 
of the lines should not cause a drop in voltage which 
would reduce the torque per degree more than approxi- 
mately 25 per cent. 

It is essential that the 115-volt 60-cycle supply for 
both generator and motor be taken from one common 
source. Occasionally it is suggested that the feed be sup- 
plied locally at each unit with only the three secondary 
wires run between units. This should not be done as the 
supply source for all units must be exactly in phase. 
Differential motors are similar to standard synchro 





Telesyn sizes 1, 3 and 5 motors are designed for 115/90 
volts, 60 cycles. Also available in 400 cycles and 32 volts. 


Torque Excitation Accuracy** 

Motor Size Gradient* Amp Watts Avg. Max 
1F 0.085 0.3 6.1 30 90 
3F 0.260 0.4 6.5 15 36 
5F 0.470 0.6 7.8 12 36 


*In.-oz per deg from synchronism. 
** In minutes of allowable angular error. 
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Eclipse-Pioneer torque unit which re- 
ceives its signal from Autosyn trans- 
mitter through a receiver Autosyn and 
electronic amplifier. This squirrel-cage 
type, low-inertia motor is eddy current 
damped, develops a stalled torque of 
56 in. oz; torque constant 3.2 in. oz/deg. 


motors except that they have two, 3-phase windings, one 
on the rotor and one on the stator. The primary or ener- 
gizing winding is connected to the 3-phase secondary 
winding of one generator. The secondary winding is con- 
nected to the 3-phase secondary winding of a second gen- 
erator. The two, 3-phase voltages will balance as de- 
scribed under motors, and any movement of either gen- 
erator will cause an unbalanced voltage, current and 
torque, resulting in a movement of the armature to a 
balanced condition. A damper is provided to prevent 
spinning of the armature. 

A differential generator is electrically and mechan- 
ically the same as a differential motor except that no 
damper is required. The primary of the differential gen- 
erator is connected to the secondary of a standard gen- 
erator, and the secondary of the differential generator 
is connected to the secondary of a standard motor. 

When used in this manner the signal transmitted by 
the standard generator can be modified by the differ- 
ential generator and retransmitted to the indicator motor. 
If the differential generator is turned, the motor will fol- 
low it. If both standard generator and differential gen- 
erator are turned the motor will follow the combined 
rotations. By changing the leads between the three units, 
the motor can be made to indicate either the sum or the 
difference of the rotations of the generator and differen- 
tial generator. In this manner corrections or modifica- 
tions can be added to, or subtracted from the original 
signals, and the corrected result shown by the motor. 

Differential motors have the same action as differen- 
tial gears but are subject to the same limitations as noted 


APRIL 1949 


Synchro units may be 
operated in horizontal 
or vertical positions. 





s 


(Top) Gurley wind direction transmitter. Housing con- 

tains an Elinco Midget self-synchronous generator ca- 

pable of operating several indicator motors and a recor- 

der, such as the Esterline-Angus unit seen below. Motor 

turns heart-shaped cam to move pointer and ink stylus 
to record wind direction in degrees. 


above for motors and their use should be judged from 
the characteristics listed in Table I. 

Differential motors can be used as an indication of the 
difference in level of two bodies of water or any similar 
condition. In this case one generator is driven through 
gearing by a float in one body of water and the other 
generator by a float in the second body of water. The 
differential pointer will show the difference in levels. 

When a differential motor is connected to two gen- 
erators where each generator is driven by a separate 
shaft, the differential pointer will indicate when the two 
shafts are revolving at the same speed by the pointer 
remaining stationary. Any difference in the speed of the 
shafts will cause the pointer to start revolving either to 
the right or the left depending upon which shaft is re- 
volving at the greater speed. The speed of rotation of the 
pointer will be proportional to the difference in speed of 
the two shafts in the same manner as a straight differ- 
ential gear assembly. In order to keep the maximum 
speed of the generators within the proper range as 
noted under motors, it is usual to introduce a reduction 
gear drive between the shaft and the generator. 

As differential motors receive their energizing current 
from the generators this introduces an electrical load on 
the generators which must have sufficient capacity to 
prevent undue heating. If a bank of capacitors is con- 
nected to the secondary of one transmitter as shown in 
Fig. 3 then smaller generators may be used. 

Control transformers are similar to generators with a 
3-phase winding on the rotor and a multi-slot single- 
(Continued on page 202) 
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JOHN B. GRAY 
Electrical Engineer 
Pratt & Gray Company, Inc. 


EVELOPMENT of a high speed flow type of 
microfilm camera capable of recording copy up 
to 42 in. wide of any length and at a speed of 

40 ft per min posed several interesting problems. Flow 
principle involves the movement of copy at a constant 
speed while film is driven simultaneously at a synchron- 
ized speed depending upon the reduction ratio of optical 
system. Complexity of design is increased since machine 
is to function as a camera, printer, and enlarger. Major 
elements involved the development of a synchronized 
drive for copy and film without any rigid mechanical 
connection between them; a multi-interval electronic 
timer for certain time-delay functions; relay control for 
switching and cut-off operations; and a power supply 
and lamp assembly used for making full size reproduc- 
tions on sensitized paper. These basic elements may be 
















Fig. 1—At left is power supply for 100 watt concentrat- 
ed arc lamp, electronic timer chassis for delay timing 
operations, and relay control unit for light control and 
automatic stop when end of film is reached. Camera 
head with lens unit and film drive motor are located 
in center panel; accessories and film are stored at right. 
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Synchronized Drive in 


Microtilm Camera 





seen by referring to Fig. 1 and the section view Fig. 2. 

Precision synchronizing of copy and film speeds is 
prime consideration in designing a flow type of micro- 
film camera in which both copy and film move simul- 
taneously. The accuracy required is considerably more 
critical than that required in sound recording machines 
since variations will be reflected in distortions of the 
image reproduced. For good quality reproduction the 
relative speeds must be within 0.1 per cent. This flow 
design allows for the elimination of the usually com- 
plicated shutter mechanism. Absence of shutter results 
in a one-piece negative, regardless of the total length 
of copy, be it 10 or 100 ft. Other component parts of 
machine such as the electronic timer, relay control cir- 
cuits and power supplies do not necessarily have to 
meet the rigid specifications of the synchronized system. 

For mechanical limitations, it was decided to have 
independent drives for both copy and film. In the first 
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for copy 


Copy enterina 
(face down) 


Film roller 
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motor 
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reduction 





Fig. 2—Copy on entering camera actuates trip switch- 
es and initiates a time delay period in electronic 
timer which in turn energizes electromagnetic disk 
clutch in film drive mechanism at moment that lead- 
ing edge of copy reaches photographing position 
above adjustable opening. 
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High-speed automatic machine employs 
hysteresis motor to synchronize 
film-to-copy motion and electronic switch 


to provide time-delay functions. 





place, since the camera has to be suitable for microfilm- 
ing and enlarging as well as for making positive prints, 
a mechanical interconnection using pulleys and belts was 
not feasible. Second, reduction range desired from 8 to 
35 diameters would complicate the system. As an over- 
all picture the system selected gives greater accuracy as 
well as much greater degree of flexibility. 

A lightly loaded standard single-phase motor was 
found to have the constant speed qualities necessary for 
driving the copy transport mechanism. Copy conveyor 
unit consists of a 4» hp single phase motor coupled 
to an 1800/36 rpm worm gear reduction unit. Output 
of worm gear reduction is then belt connected to the 
copy conveyor as illustrated in Fig. 2. 

Slight speed variations caused by frequency or load 
fluctuations are minimized by the reduction unit. Lens 
reduction ratio will likewise assist in minimizing fluctua- 
tions, since the speed of the film is equal to the 





Fig. 3—Camera head film drive mechanism (rear view) 
with two-speed hysteresis motor coupled to a worm and 
gear reduction unit which in turn is coupled to film 
spindle (front) by electromagnetic disk clutch. Spring 
belt is for film take-up after photograph is completed. 
Hinge-mounted panel permits loading and unloading. 
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High speed automatic microfilm camera features an elec- 
trically synchronized system for copy and film trans- 
port mechanisms without mechanical connection between 
them, an electronic timer for performing delay timing 
operations, and concentrated arc lamp with separate 
power unit for making enlarged positive prints. 


speed of copy divided by the reduction ratio of lens. 

This motor does not meet, however, the rigid con- 
stant speed requirements of the film drive mechanism. 
Furthermore, the greater the lens reduction ratio, the 
lower is the permissible film speed variation. Importance 
of the necessity for practically constant speed drive can- 
not be overemphasized and can be more fully appreciated 
when it is realized that 42 in. wide copy will be reduced 
to 1 in. in the negative. Each line, character, or dot 
recorded in the negative must necessarily be sharp to 
allow for the reverse process, that of enlarging the 
image to its original size in printing on paper. 

In view of these requirements and other considera- 
tions, the motor selected for film drive mechanism is a 
hysteresis type synchronous motor. Essentially, the 
split-phase hysteresis motor has little or no tendency to 
hunt, because the rotor is a smooth cylinder of steel 
without salient poles or any variable-permeance syn- 
chronizing action. Any torque or vibration variations 
introduced are mostly damped out by hysteresis loss in 
the rotor. Fig. 3 shows the rear view of the camera head 
unit with the film drive mechanism. It consists of a 
459 hp two-speed (1800 and 900) hysteresis motor, 
worm reduction gear and electromagnetic clutch. Motor 
is connected by a flexible coupling to a 360 to 1 worm 
reduction gear, which in turn is connected to film roller 
through the electromagnetic disk clutch. The worm and 
gear reduction unit will further reduce slight speed 
fluctuations that may be introduced. Spring belt shown 
is the film take up drive. Fig. 4 shows front view of 
the camera head with unexposed film in position. The 
empty spindles are utilized when camera head is used 
as a film printer, that is, making positive film prints. 
Upper speed of motor (1800 rpm) is used when micro- 
filming copy at fixed rate of 40 ft per min; lower speed 
(900 rpm) is used when making full size paper prints 
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Fig. 4—Camera head 
(front view) with nega- 
tive film held in posi- 
tion by idlers; housing 
containing optical lens 
is at center. Set of 
empty spindles are used 
when making film posi- 
tives; metal frame op- 
posite lens housing is 
for attaching the con- 
centrated arc lamp unit 


used when enlarging. 









by projection at 20 ft per min. For enlarging, speed of 
conveyor (with sensitized paper) is altered by placing 
a smaller size pulley on output of gear motor and con- 
necting belt to larger sheave of two-speed pulley at top 
of machine (Fig. 2). 

Copy is illuminated and film fed out only when copy 
is passing through the machine. As the copy is carried 
into the unit by constantly moving belts, the leading 
edge of the paper trips one of several whisker type snap- 
action “coin switches” which trigger the light bank 
contactor and the film transport clutch, illuminating 
the copy and moving the film in synchronism as the ex- 
posure is made. 

A second important design consideration is the auto- 
matic time delay necessary in starting and stopping of 
film and coordinating this timing with switching “on”’ 
and “off” of lighting used to illuminate copy. Delay 
timing features are essential because the trip switches 
cannot be placed closer than 4% in. ahead of photograph- 






Light relay contro! circul# _ 























Fig. 6—Electronic timer chassis with power supply at 
right, trip relay for initiating time period, and four rhe- 
ostat shafts for adjusting time delay in starting and 
stopping film and for switching on-off of light banks. 


ing area. This condition requires a time delay to elapse 
from the moment the leading edge of copy closes the 
trip switch until it reaches the photographing position. 
For similar reasons the camera must continue its record- 
ing until all copy is photographed ; that is, after passage 
of trailing edge of copy has allowed the trip switch to 
open. Because of the relatively small time interval in- 
volved, an electronic type of timer was selected in prefer- 
ence to a mechanical one. The electronic switch involved 
performs these delay functions and in addition may be 
used to increase or decrease spacing between images. It 
also provides for increasing or decreasing time interval 
to take care of variations in components and minor 
mechanical differences between machines. 

In view of the large lighting load, consisting of a two- 
row bank of 29 lamps, each 50 watts, it was decided to 
have two separate, but identical control circuits, with a 
common power supply. Output of one circuit is fed 
directly to the coil of the magnetic disk clutch which 
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1 and 2...,Power input—115 volts, 60 cycles 
3..........Ground connection 





4..........6.3 volts—for relays, pilot lamps 
and trip circuit 


5.......... Trip switch connection 

6..........Spacing button, moves film with- 
out operating lamps 

7..........+B, 400 volts d-c 

8..........Camera head clutch control lead 
(to clutch coil) 

9..........Light contactor control lead (to 
light contactor coil) 

10... .......Counter lead (115 volts a-c to oper- 


ate counter) 


Fig. 5—Electronic timer (switch) for providing 
time delay features for starting and stopping 
of film drive mechanism and simultaneous on- 
off switching of lamp for illuminating copy. 
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Fig. 7—Relay control chassis with light contactor (at 
right) energized by circuit in electronic timer and end- 
of-film relay for shutting off machine when special 
spring on film idler is grounded through notch on film. 


forwards the film in the camera head; output of other 
circuit energizes a relay which controls the “on and 
off” switching of the lamp bank. 

The actuating or trip mechanism consists of six coin- 
type snap-action switches connected in parallel and 
mounted on a rigid channel. As copy is fed into the 
machine, one or more of these switches closes and 
energizes a 6-volt triple-pole relay which operates the 
electronic switch as well as the counter. Referring to 
Fig. 5, it is seen that two of the contacts on trip relay 
ground the cathodes of the control tubes (6V6-GT). 
The simple R-C circuit, comprising 0.5 and 0.23 megohm 
resistors and 0.25 and 0.5 mfd capacitors determine the 
time delay which occurs before conduction in the tube 
starts. This time interval, the time constant of the 
R-C combination, allows leading edge of copy to move 
over to the photographing position. At the moment that 
plate current flows, the magnetic clutch and light con- 
tactor are energized. Conversely when the copy passes 
trip switches the trip relay opens, stopping flow of 
current into the timer circuit. However, before magnetic 
or light contactor can open, the capacitor in plate cir- 
cuit must discharge through the 2500 ohm resistor. 
Time constant of this R-C circuit provides the second 
time-delay feature which is essential for the complete 
process. In each case the time element may be adjusted 
by manipulating the respective variable resistors. Fig. 
6 shows the readily accessible shafts of variable resistors. 

Power contactors are mounted separately from the 
electronic switch on a relay control chassis (Fig. 7). 
This comprises the light-bank contactor, end-of-film 
relay, camera head motor condenser, and dropping 
resistor for main power pilot lamp. End-of-film relay, 
supplied by a 6.3 volt winding of transformer in elec- 
tronic timer, automatically shuts down machine when 
end of film is reached. This relay gets its signal from 
a thin wire spring attached to one of the film guide 
rollers in the camera head. Film has a % in. notch at 
each end. As notch goes over film roller the spring 
makes contact with ground, instantly actuating relay 
and shutting off power to whole machine. 

When camera is used for full size projection on 
paper, a concentrated arc lamp with own power supply 
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Fig. 8—Power supply for 100 watt Western Union high 
intensity zirconium arc lamp and condenser lens and 
lamp unit which attaches to camera head optical system 
when machine is used as enlarger. 





Fig. 9 — Left 
hand end of cam- 
era with cover re- 
moved showing 
wiring harness 
and terminal 
blocks for elec- 
tronic timer, re- 
lay control, and 
power supply 
chassis, providing 
ease of servicing. 





(Fig. 8) is necessary. A Western Union high intensity 
zirconium arc lamp* and condenser lens produce a 
brilliant white light source approximating a point source 
light. This unit, attached to the camera head produces 
a full-sized image on sensitized paper which is placed 
on copy conveyor. Obviously, all printing operations 
are performed in a darkened room. The heavy duty 
d-c power supply for the arc lamp comprises an auto- 
transformer, metallic rectifier, choke coil, vacuum start- 
ing switch, and two ballast tubes. Starting of the lamp 
involves the same procedure as in a mercury lamp. The 
inductive kick is obtained by shorting the choke coil to 
ground by actuating the vacuum switch manually. As 
the switch opens it provides the required potential for 
starting lamp. Power supply provides 6 amp at 40 volts, 
20 volts of which are used for ballast tubes needed to 
give constant current supply and light intensity. This 


(Continued on page 196) 





* See ‘“‘What’s New in Lamps for Built-In Components”; ELectricaL 


MANUFACTURING, August 1947, p. 84. 


83 













































































































































































improved 











HAT UNIQUE combination of properties 

makes polystyrene of such interest to the de- 

signer of electrically operated products? Cer- 
tain obvious advantages are apparent from an inspection 
of the average property values for general-purpose 
molding grade polystyrene summarized in Table I on 
page 86. Moreover, polystyrene is readily molded by 
injection methods with all the attendant advantages 
of low production costs; continuous and, in many cases, 
automatic operation; re-use of sprue and runner ma- 
terial; and (through the use of high-capacity presses 
with multiple-cavity dies) the ability to produce mil- 
lions of pieces in a relatively short time. 

There has been a recent trend to supply polystyrene 
showing different types of moldability. While the range 
of properties and flows available commercially is nar- 
rower than in the case of the cellulosics, high-flow 
styrene is becoming of interest in many applications 
where the economy of rapid molding cycles is impor- 
tant and heat resistance is secondary. Examples of 
polystyrene compounds showing varying molding char- 
acteristics are Monsanto’s Pl, P1L, PIX, PIA, and 
P1B; Dow’s 411-A and 411-C; Kopper’s P-3, P-7, and 
P-8, and Bakelite’s X MS-4A. It should also be stressed 
that in order to develop the properties cited in Table I, 
particularly the strength properties, it is imperative that 
the moldings be formed under conditions which produce 
relatively strain-free pieces. Importance of good mold 
design and adequate molding temperatures and cycles 
cannot be over-emphasized in the production of parts 
Illustrations above highlight polystyrene applications characterized 
by attractive styling. Air-circulator with transparent polystyrene 
louvres molded by Cambridge Molded Plastics Co. for W. W. 
Welch Co. Portable radio (Admiral Corp.) uses a special heat- 
resistant formulation. Monsanto materials in both applications. 
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Polystyrenes Appraised 


Abundant supplies, steadily de- 





creasing costs, and a unique 
combination of excellent prop- 
erties are plus factors. But dis- 
advantages do exist. Here is a 
critical report on available and 


commercial 


REID G. FORDYCE 


Manager of Product Development, Monsanto Chemical Company, Plastics Division 








types. 








with a low degree of strain. Improper location of a 
sprue or gate, for example, can cause serious difficulties 
in an otherwise sound plastics application. Likewise, 
attempts to reduce molding cycles in the interests of 
economy can be expensive in terms of strain failure. 
Basic Good Properties. Turning to actual physical 
properties, polystyrene is outstanding for good dimen- 
sional stability. There are at least three contributing 
reasons: No plasticizer is present; moisture absorption 
is very low; and there is a relatively high heat dis- 
tortion point as compared with other thermoplastics. 
Importance of dimensional stability and low moisture 
absorption in the successful operation of an electrical 
insulating component requires no comment. And when 
used as a structural component (for example the 
breaker strip in a refrigerator or the housing for a 
radio) dimensional stability is likewise an important 
consideration. In its excellent resistance to acids, al- 
kalis, and alcohols, and in its availability in a wide 
range of transparent, translucent, and opaque colors, 
polystyrene has other design-useful characteristics. 
Reference to Table I reveals that polystyrene can be 
classified as a low-loss material showing good dielectric 
strength and, like nearly all plastics material, very high 
ohmic resistance. It resistance to arcing, while not as 
good as shown by melamine resins, is adequate. Poly- 
styrene shows a remarkable constancy of electrical 
characteristics over a wide range of frequencies. In 
addition, because of its very low moisture absorption, 
electrical characteristics remain essentially unchanged 
under adverse humidity conditions. Significance of this 
behavior in the field of radio and radar is well known. 
Undesirable Characteristics. Along with these out- 
standing attributes, however, polystyrene has certain 
characteristics that are definitely undesirable. Its great- 
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Reference Check List of Polystyrene Applications and Properties 


A. Suggested Applications 


General-Purpose Polystyrene 


Air breakers and purifiers; annunciators, appliance covers; 
attachments caps; storage batteries, battery chargers; 
beaters; electric beauty patters; bells; electric hair brushes; 
bushings; flush-push, directory type and pendant-push 
buttons; buzzers; cable clamps; electric chimes; Christmas 
tree lighting; electric clocks; clothes washers; automatic 
coffee makers; coil forms, housing and insulation; com- 
mutators; cord connectors; current taps; instrument dials; 
domes; lightweight portable drills; elevators; escutcheons; 
fence controllers; flashlights; batteryless flashlights; fluo- 
rescent lighting; wiring device forms; gasoline pump 
light-tops; electric hand grinders; grommens; appliance 
and control handles; cylindrical housings; instrument 
apparatus; pyrometric, tachometric and thermometric 
instruments; insulating covers, sleeves and spacers; in- 
sulators; insulator plates and strips; ironers; irons; junc- 
tion blocks; appliance and control knobs; lamps; lamp 
holders and halen: pin-up lamps; table lamps; lampshade 
materials; portable electric lanterns; light lenses; lighting 
arrestors and fixture closures; street lighting; illuminated 
make-up mirrors; food mixers; motion picture projector 


equipment; number disks; insulating nuts and cap-screws; 
illuminated outlet plates; triple-tap convenience outlets; 
panels; panelboards; electric pencil sharpeners; plugs; 
plug bases; connector and illuminated multiple plugs; 
potentiometers; ranges; receptacles; reflectors; rheostats; 
toy electric scissors; insulated switch plate screws; light- 
ing shades; electric shaver holders; shaver insulators; dry 
shavers; lighting shields; spotlights; electric sweepers; 
plate shields and plates; illuminated and luminous switch 
plates; switchboard equipment. SWITCHES (appliance, 
automatic transfer, clock-controlled, coin-operated, de- 
layed operation, float, fuse, instrument control, limit, 
master, quick-break, safety and service control, sensitive 
action snap, tap test, thermocouple, thermostat-controlled, 
timer, and tool handle); electrical tape; telephone equip- 
ment; terminal blocks, boards, hon insulators, posts, 
sleeves and strips; throat lights; TIMERS (appliance, 
indicating, switching); toasters; insulating tool handle 
sleeves; live-line safety tools; electric toy trains; vacuum 
cleaners; insulating washers; instrument windows. 





Heat-Resistant Polystyrene 


Radio cabinets; coil forms; coaxial tools; Christmas tree ornaments (lighting); toy lamp globes; lamp shades; night 
lamp; plugs. 


Cerex X-250 


Coil forms and spools; crystal holders; capacitors; panel 
light domes; connector inserts; battery cases; switches; 
parts for scientific instruments; machine tool housings; 


knobs and dials; capacitor dielectric films; shaver hous- 
ings; wall plates; receptacles; antenna holders; trans- 
formers; plugs; lamp shades; lighting louvres. 


radio and television parts in general; clock cases; range 


Plexene M 
Transformer mounting parts; oil cups. 


Q-475 
Electrical applications particularly in the refrigerator field. 


B. General Properties 


Advantages: Excellent low-loss electrical characteristics. Good dimensional stability. 
Excellent moldability. Wide range of sparkling colors in transparent, translucent, and 
opaque. Low water absorption and constancy of electrical characteristics under humid 
conditions and under a wide frequency range. Low cost and unlimited availability. Good 
heat resistance in comparison with other thermoplastics. Good chemical resistance to acids, 
alkalis and alcohols. 


General-Purpose Polystyrene 


Disadvantages: Lack of shock resistance. Difficulty of molding around metal inserts of 
large cross section. 





| Advantages: Similar to those given above for polystyrene plus some improved heat 


Heat-Resistant Polystyrene | resistance. 


Disadvantages: Similar to polystyrene. 


Advantages: Similar to polystyrene plus still greater heat resistance. 


Disadvantages: Similar to polystyrene and higher in cost. 


Advantages: Similar to polystyrene plus improved weathering properties and improved 
resistance to inks, gasolines and certain other solvents. Slightly improved shock resist- 
ance. 

Plexene M 
Disadvantages: Light amber in natural state instead of crystal clear. Electrical properties 
not quite as good as those of polystyrene but still a low-loss material. Higher cost. 


Advantages: Similar to polystyrene with a marked improvement in toughness. 


Disadvantages: Lower heat resistance. Available at present only in opaque colors. 
| Slightly higher in cost than polystyrene. 
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Injection molding: 


Pressure, psi 


Specific gravity 
aze, per cent 


Refractive index, n,*5 


Thermal coefficient of 

Thermal conductivity 

Specific heat cal/gm 
(in. /min) 


Effect of light 













Heat resistance: 


(Florida—1 year) 
Chemical resistance 


Dielectric strength: 


Dielectric constant: 


60 cps 
1000 cps 


106 cps 


Dissipation factor: (j) 
60 cps 
1000 cps 
106 cps 


Loss factor: 
60 cps 
1000 cps 
106 cps 
Arc resistance, sec 


Impact strength: 


Compression 


Flexure: 


Tension: 


Compression, psi 

Flexure, psi 

Tension, psi 
Shear strength, psi 
Rockwell hardness 
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Compression ratio (bulk factor) 
Flow or mobility range, deg F 


emperature, deg F 
Mold shrinkage, in. /in. 


Extruding temperature, deg F 


Luminous transmittance, per cent 


expansion, linear max. /°C 
Cal/sq cm/sec/°C/cm 


eat distortion 264 psi, deg F 
Flammability over 0.050 in. 


Water absorption: 24 hr, per cent 


Resistance to outdoor aging: 


Short-time, 4 in. vpm 
Step-by-step \% in. vpm 


Volume resistivity, ohm-cm 


zod, notched, 77 F ft-lb/in. 


Stress at yield (upper), psi 
Strain at yield (upper), percent 


Stress at fracture, psi 
Deflection at fracture, in. 


Stress at fracture, 77 F, psi 
Strain at fracture, 77 F, psi 


Modulus of elasticity (apparent) 


ASTM 
test 
method 





D392-38 
D569-44T 


D762-44T 
D672-44T 
D672-44T 
D542-42 


| 1696-42T 
| 


| ©177-45 


D635-44 
D570-42 


(Max. recommended continu- 
ous service temperature) deg F | — 


D149-44T 
D149-44T 


D257-46 


| D150-46T 
| D150-46T 
D150-46T 


D150-46T 
| D150-46T 
| D150-46T 





D150-46T 
| D150-46T 
| D150-46T 


D495-42 


D256-45T 


D695-44T 
D695-44T 


D650-42T 
D650-42T 


D638-46T 
D638-46T 


D650-42T 





(k) 


D648-45T | 


D695-44T | 


| 10,000-30,000 


| 
} 
| 











D638-46T | 


25-135 XK 10 
25-135 XK 10-5 
25-135 X 10-5 — 


General- 
urpose 
polystyrene! 


1.9-2.3 — 
240-280 | = 


325-550 
0 003-0 .006 es 


375-550 5 
1.052-1.065 0 
10-—(a) -- 
0-93(b) _ 
1.59-1.60 — 


6-8 X 10-5 _ 


| 
| 


| 
2.4-3.3 X 10-4 =_ 


0.32 
183-189 (d) 


Os-1.0 | eo 


0.03-0.04 
Slight (e) 


150-185 





(g) (g) 
6) (i) 
400 >400 
400 >400 


1017-10” wssh 


| 
| 


honor 
wan 
to tone 
adojad 
tot 
wen 
ho te 
ay og 


10-50 x 10-5 —_ 
10-50 X 10-5 
10-50 « 10-5 


60-135 = 


0.25-0.40 


11,500-16,000 


4.5-5.5 — 


8000-19,000 
0.10-0.20 


5000-8500 
1.3-2.3 





6 
5.0 
.0-5.0 
6000-8000 | 
M65-M90_ | 


« 


Heat- 
resistant 


polystyrene? 


350-600 
10,000-30,000 


400-500 
1.05 


203-210 


0.04-0.05 
Slight (e) 


170-175 


10-50 X 10° 


| 25-135 X 10-5 


0.25-0.40 


12,000-16,000 
0.15-0.30 


8500-9000 


1.5-2.5 


Table I—Average Properties of Polystyrenes and Rigid Injection- 
Molding Styrene Copolymers 





Styrene copolymers 


Cerex X-2503 





375-600 
10,000 up 


1.04-1.06 





227-234 


0.040 .08 


|0.0001-0 .0005 


0.25-0.35 





10,000-15,000 
0.20-0.30 


7000—-10,000 
2.0 


6.0-6.0 X 10° | 5.0-6.0 x 105 
M65-M75 


M70-M80 





































Plexene M4 Q-4755 
1.8-2.2 i 
284-302 | > 
| 
430-480 400-450 
15,000-25,000 | 15,000-18,000 
| 0..002-0.006 on 
| 360-410 390-400 
| 1.08 1.05 
5-15 = 
| 60-90(c) - 
| 1.53 | “ 
6x105 | 
| — 
| 190-200 156 
| 0.8 2.2 
| (1{ in. thick) | 1% in. thick) 
| 0.3 0.06 
| Slight (e) Slight (e) 
| 
| 170-180 (f) ‘ 













Good (h) | - 
(i) é; 


400-600 | — 






















2 9 9 
“eo 


www 
ort 
bho bo 
pon | 
oo 


5-10 XK 10-3 — 
|} 5-10 X 10-% = 
10-15 X 10-3 — 


| 15-35 X 10-3 
15-35 X 10-3 — 
| 30-45 X 10-3 — 












100-150 —_ 









0.8-1.2 






















14,000-16,000 _ 
14,000-16,000 — 


15,000-17,000 | - | 
0.25 vie 













| 9000-10,000(1) 
| M85—-M95(m) 


M50-M60 


9000-10,000 3500 
<1 1.5-1.7 
(yield) | 

3-4 xX 105 | — | 
1-5 X 105 — | 
4-5 X 105 3.3 X 105 
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est weakness perhaps is lack of shock resistance or 
extensibility. While correct design, proper use of stream- 
lining ribs, fillets, and heavier sections will all help to 
counteract this drawback, ordinary polystyrene should 
not be used for components likely to encounter sharp 
and severe impacts. Lack of toughness in polystyrene is 
evidenced in Table I by low impact strength values, low 
ultimate elongation at failure in tension, and low deflec- 
tion at flexural failure. Lack of shock resistance in 
polystyrene, in addition to limiting its use as a structural 
part in certain applications, also introduces difficulties 
when styrene is molded around metal inserts of a large 
cross section. Cracking will frequently occur in such 
cases owing to the inability of the material to relieve 
strains produced by differential expansion and unfavor- 
able flow patterns caused by the insert. 

A great deal of effort has been spent trying to over- 
come this drawback and limited success has been ob- 


tained by improved polystyrene molding compositions. 
Certain of the newer developments, such as Dow’s 
Q-475 material (to be discussed later), marks a definite 
step forward in overcoming this defect of polystyrene 
while still retaining its other desirable characteristics. 

Despite excellent chemical resistance to aqueous solu- 
tions of corrosive materials, polystyrene shows another 
defect by being susceptible to attack by many organic 
solvents. Such common solvents as benzene, carbon 
tetrachloride, chloroform, toluene, ethyl acetate, acetone, 
and certain petroleum products will deleteriously affect 
polystyrene. It does, however, show excellent resistance 
to water and alcohol and lack of solvent resistance is 
unimportant in most electrical applications. 

Typical Applications. A breakdown of polystyrene 
applications is given in the reference checklist on page 
85. A few applications are chosen from this broad list 
for brief discussion here as practical examples of the 





Left, housing of the miniature neon-glow voltmeter was 
molded by Industrial Devices, Inc. from Koppers’ P-3 
black polystyrene. Dial knob controls variable resistor. 
When neon-light is extinguished, voltage is read 
directly on scale. Range 65 to 660 volts, a-c or d-c. 
Center, Rohm & Haas Plexene M, marked by resistance to 
lubricating fluids, was selected for the natural-color trans- 


parent pressure-lubricator sight bowls molded by Chicago 
Die Mold for C. A. Norgren Co. Suitability for close-tol- 
erance molding was another prime factor. Right, resistance 
to common acids, alkalies, salts and alcohols, as well as 
dimensional stability indicated use of polystyrene for this 
Exide battery molded of Monsanto material by Prolon 
Division of the Pro-phy-lac-tic Brush Co. 


(Sas pos ae hyenas testcase tanec anes tose TRS LL a eS a a TI 


1 Data based on Monsanto Chemical Company’s Lustrex. Other products include Dow Chemical Company’s Styron, Bakelite Corporation’s 


Bakelite polystyrene, Koppers’ Polystyrene. 
2 Data based on 
Koppers <smpene, 
3 Based on data published by Monsanto Chemical Company. 
4 Based on data published by Rohm & Haas Company. 
5 Based on data published by Dow Chemical Company. 


(a) For crystal material. 


onsanto Chemical Company's Lustrex. Heat resistant grades of polystyrene are also produced by Dow Chemical Company and 


(b) Can be varied from clear transparent to black opaque by addition of dyes and gm 


(c) For unpigmented material, natural material is light amber in color. Material can 


supplied in dark or opaque colors. 


(d) For lubricated goa. 170-180 ~ F. Lubrication provides easier flow and improvement of release from mold at some sacrifice of heat 


resistance. Lubricated type is useful w 
heat resistance is still adequate for end use. 


en molding shapes with long flows or narrow channels or large thin areas, provided such lowered 


(e) Normal indoor exposure has only slight or no effect, but - = concentration of ultra-violet may cause yellowing. 


(f) Actual service limited dependent on applied stress, shape o 


part, and details of molding. 


(g) Outdoor exposure will cause varying degrees of yellowing and crazing. Some materials may show slight degradation while others will retain 


stable mechanical and electrical properties. 


(h) Some discoloration, no crazing, mechanical and electrical properties stable. 
(i) Good resistance to alkalies, salts, lower alcohols (methyl, ethyl, propyl), glycols, and water. 
Fair resistance to mineral oils and vegetable oils (this may vary with type). 
Soluble in aromatic and chlorinated hydrocarbons, esters, and some ethers, and some peepee. 
Softened or attacked by higher alcohols, gasoline, ether-alcohols, ketones, glacial acetic acid, strong oxidizing acids, chlorine and bromine water, 


some unsaturated Hydrocarbons and essential oils. 


Mixtures of two or more chemicals may affect the material differently than either one alone. Action is hastened by increase in temperature, 


retarded by a decrease. 


(j) Dissipation factor is usually obtained directly * apparatus used to measure the dielectric properties of insulation. It is the tangent of the 


electric loss angle whose sine is the power factor. 


When the power factor is less than 0.1, the quantities differ hy less than 0.0005. 


(k) Three plate shear tool; Federal Spec. for Cogaate Plastics: Gen. Spec. (Method of Physical Test) LP406A. 


(1) ASTM Method D732-43T values for \ in. t 
(m) ASTM Method D785-47T. 


ckness. 
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Table 1l—Mechanical Properties 


of Diene and Rubber-Like Styrene 







Copolymers 





Styrene-isobutylene* 
Styrene 50 ae aa 
Butadiene 50° S-50 S-60 
(vulcanizate) 


Styrene 85 
Butadiene 158 


Styrene 70 


Composition Butadiene 30° 





Specific gravity 




































































































































































































«> Based on data published by Dewey & Almy Chemical Company. 
© Based on data published by B. F. Goodrich Company. 
4 Based on data published by the Enjay Company, Inc. 


correct functional use of these polystyrene materials. 
In the field of electrical appliances, an increasing 
quantity of polystyrene is being consumed in the manu- 
facture of housings, such as molded radio cabinets, door- 
chime housings, clock cases, electric shaver and electric 
mixer housings. Cost alone has not been the deciding 
factor in elevating polystyrene to a dominant role in the 
manufacture of these housings. True, it has been an 
important consideration, but other characteristics such 
as broad range of sparkling colors, resistance to acids, 
alkalis andyalcohols, high dimensional stability, excep- 
tional electrical insulating properties, and low unit 
weight have been deciding factors after careful evalua- 
tion of competing available plastics. 

Contributing factors in the choice of this material 
have been the excellent molding characteristics of poly- 
styrene and low finishing costs. As mentioned previous- 
ly, research and development have produced material 
with flow characteristics, shortened molding cycles, and 
satisfactory mold release to enable designers and molders 
to utilize polystyrene more effectively. 

Shortages of other materials led to the investigation 
of plastics for battery cases during the war. Polystyrene’s 










(20C/20C) 1.04 1.01 0.98 0.96 0.93 
Elongation (%) 100 290 100-400 400 200 
Tensile strength (psi) 4080 1600 1000-2500 2000 3000 
Water absorption 4 3 seas nces 0.1 0.1 
Hardness, Shore A 100 20-199 50-60 80-90 


Lack of sufficient impact strength has 
been one of the major limitations of 
polystyrene. This has been particularly 
true of certain applications in household 
refrigerators, such as trays and remov- 
able storage containers where polysty- 
rene otherwise provides an unusually 
good combination of desirable proper- 
ties, but the danger of breakage in han- 
dling has been a source of trouble. 
Philco engineers have solved this prob- 
lem in designing the “snack box” (a 
removable container with a hinged top) 
of high-impact polystyrene in their new 
1949 “floor-length” refrigerator. Choice 
of this material followed upon consider- 
able experimental work. Design formerly 
used was standardized on a high-temper- 
ature resistant material with the thought 
that the housewife would frequently 





unique combination of properties was effectively demon- 
strated in this application and its use has continued 
despite the availability of other materials. Dimensional 
stability, chemical resistance, transparency, electrical 
insulating characteristics, and lightness in weight cou- 
pled with excellent molding characteristics resulted in 
the development of a superior battery case for aircraft. 
A special molding technique was used to produce very 
large (7 lb each) injection molding shots to close dimen- 
sional tolerances. Because of their chemical resistance 
and electrical insulating properties, perforated poly- 
styrene sheets are being used as separators in batteries. 
Low weight is an added desirable feature as well as 
low cost. 

Effective and functional utilization of polystyrene in 
the fluorescent fixture field is exemplified by the wide- 
spread use of fluorescent lamp holders. This has been 
prompted by the material’s low cost, dimensional sta- 
bility, availability in white and other colors, electrical 
insulating properties, and adaptability to economical in- 
jection molding. Lack of adequate heat resistance for 
certain applications has resulted in the use of some of 
(Continued on page 178) 


High-Impact Polystyrene for Refrigerator Snack Box 





wash the container with hot water, but 
the problem of breakage was still un- 
solved. The next step (utilizing experi- 
ence gained in molding top breaker 
strips from the high-impact material) 
was to investigate the latter material for 
the snack box. Thorough testing, includ- 
ing drop tests, showed that the flexibil- 
ity and resistance to breakage of the 
high-impact material more than offset 
the slight losses in temperature stability 
and surface luster in comparison with 
the high-temperature polystyrene. The 
snack box is a two-part injection-molded 
job, with the two parts (box and lid) 
connected by hinges using stainless steel 
pins. A number of design details, in- 
cluding the box taper, the molded-in 
hand-grip in the lid, and the hinges, 
presented special mold design problems. 
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An Opportunity to Win Recognition for 


Outstanding Achievement in Product Design 


THE Lith ANNUAL 
ELECTRICAL MANUFACTURING | 


PRODUCT DESIGN 
AWARDS 
COMPETITION | 





Sponsore d by the publishers of ELECTRICAL MANUFACTURING, this annual 
competition aims to stimulate the development of all electrically operated 
products and to reward outstanding achievements in engineering and design. 





AWARDS to be made for Year's 


Foremost Product Developments 


GAIN in 1949, ELECTRICAL MANUFACTURING offers 
A its annual Awards in Product Design for the 
most meritorious developments in new or re-designed 
products, based on documented stories submitted by 
manufacturer contestants. 

A two-fold purpose is served by the popular com- 
petition for these annual Awards: (1) To encourage 
and stimulate engineers and designers in the develop- 
ment of better products involving the use of electrical 
energy; (2) to reward exceptional design skill and en- 
gineering talents. 

National recognition and well deserved honors 


are accorded the winners through the publication of 


their case-history stories in the Ocroser Propuct 
DresicGn AwarRpS NuMBER OF ELECTRICAL MANUFAC- 
TuRING. Here these featured stories will be seen and 
read by thousands of top-level engineers, designers 


and company officials throughout the broad field of 


product manufacturing. The sponsor of each Award- 
winning story thus makes a valued contribution to his 
profession by sharing with his fellow engineers the 
technical knowledge and experience gained in working 
out his successful design project. 
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Is your new product elegible for entry in the 
1ith ANNUAL ELECTRICAL MANUFACTURING PRODUCT 
Drsicn Awarps Competition? Definitely “yes”, if it 
is an electrically energized machine, appliance, appara- 
tus or equipment and if it will have reached produc- 
tion within the period July 1, 1948—June 30, 1949. 

Any electrically operated product - whether a 
midget switch or mammouth machine tool—can be a 
winner. In fact, both such products actually were 
among the winners in recent competitions. 

Each design story is judged strictly on merit. The 
Jury of Award (names to be announced later) will take 
no cognizance of company size or prestige or of the 
professional standing of individual authors. The factual 
story of the design accomplishment, told without puff 
or frills—and a few good illustrations to point up the 
functional and appearance design features of the 
product—is all that is required. 

Read the simple rules on the page opposite. Talk 
it over with your staff. Then plan how you can put your 
company, your section or department in the winner’s 


circle this year! 


$2500 in Cash Purses 


Five cash awards, each of $500, will be presented 
to those companies which, in the opinion of the Jury 
of Award, have related the greatest accomplish- 
ments in product development, engineering and de- 
sign. A framed ELECTRICAL MANUFACTURING CER- 
TIFICATE OF AWARD, engrossed in the winner's 
name, will accompany all cash awards. Certificates 
of Award also will be presented to five companies 
designated by the Jury of Award for ‘Honorable 
Mention.” Thus, ten companies in all will be honored 
this year — affording a broader opportunity for 
recognition of the design achievements of the ever- 
growing circle of contestants. 











CONDITIONS OF AWARDS COMPETITION 


Here are the simple rules which will govern the 


11th ANNUAL ELECTRICAL MANUFACTURING 
PRODUCT DESIGN AWARDS COMPETITION 


Eligibility 

Any manufacturer of a NEW or REDESIGNED 
machine, appliance, apparatus or device, which 1s 
electrically operated, may enter the Competition. The 
new or redesigned product should be one that will 
have reached the production stage within the period 
July 1, 1948-June 30, 1949. 


What to do 

Prepare a manuscript, not less than 2000 words 
nor more than 3500 words, which will tell the story of 
the engineering and design development of a product 
that requires electricity for its operation or use. The 
manuscript should be typewritten and in duplicate. 
There may be as many separate manuscripts entered as 
there are individual new or redesigned products to be 


written about. 


The manuscript should state the reasons why the 
new design was undertaken; the steps taken in evolv- 
ing the engineering and the appearance design fea- 
tures; the solutions found for any problems involving 
the application of power, controls, light, heat, elec- 


tronic or other electrical functions. 


Tell what metals, materials, electrical and mechan- 
ical parts, finishes, were specified and why. Avoid use 
of trade or brand names. Confidential data need not 


be divulged. 


Illustrative material, which will enable the Jury of 


Award to determine the extent of the engineering and 
design accomplishment, should accompany each manu- 
script. Illustrations should be in duplicate and include, 
if possible, both exterior and interior views of the 
product, also photos and drawings showing the detail 
of the electrical and mechanical features. All illustra- 
tions should be properly identified and bear descrip- 


tions of what they are intended to show. (Text or 


illustrations in the form of clipped material from 
printed sheets are not acceptable.) All manuscripts 
must be original, not having been published previously, 
and they become the property of the publishers. No 


material can be returned. 


Awards 


Five Awards, each of $500 in cash, will be pre- 
sented to those companies which, in the opinion of 
the Jury of Award, have submitted the most interesting 
and informative manuscripts that depict the greatest 
accomplishments in product development, engineering 
and design. A framed ELECTRICAL MANUFAC- 
TURING CERTIFICATE OF AWARD will ac- 


company all cash Awards. 


The five Award-winning manuscripts will be pub- 
lished in the 11th ANNUAL OCTOBER PRODUCT 
DESIGN AWARDS NUMBER OF ELECTRICAL 
MANUFACTURING. 


There will be five “ Honorable Mentions”, and to 
each of these an ELECTRICAL MANUFACTURING 
CERTIFICATE OF AWARD will be presented. 
Should any non-Award-winning manuscripts be pub- 
lished in issues subsequent to October, regular author 
rates will be paid. The decision of the Jury of Award, 
which will be made up of representative engineers and 
designers, will be final. In case of a tie, duplicate 


Awards will be made. 


Closes June 30, 1949 


All material to be eligible in the Competition 
should be delivered to the Awards Competition Editor, 
ELECTRICAL MANUFACTURING, 1250 Sixth Ave- 
nue, New York 20, N. Y., by 5 p.m., Thursday, June 30, 
1949. If sent through the mail, the wrapper must bear 


a postmark not later than midnight of the date indicated. 
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With Automatic Electro-Hydraulic Cycte 
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will be announced in the 11th 
Push button contro! of all functions of this 
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operation, multiple carbide tooling and 


automatic cycle control cuts machinung time 


Awarps NuMBER OF ELECTRICAL ee dae 
MANUFACTURING. es 
A special feature section of the October 

Number will be given over to a dramatic, 

colorful presentation of the five top-bracket 

Award-winning manuscripts. Each design 

story will be presented in its entirety and illus- 

trated with photos and engineering drawings 

to show specific details of the product’s design— 

a permanent journalistic record of engineering 


and design achievement. 


Shown here is a typical manuscript published 
in the Tenth Annual Product Design Awards 
Number. A reprint of this and other award 
papers will be sent to all those who enter 


this year, to serve as a guide. 


PRY 10 BLECTECAL COWTRC OF AUTOMATIC WORK CYCLE 


Write NOW for 
OFFICIAL ENTRY FORM 


A special form for use in registering your 
company’s entry will be sent promptly on 
request to the Awards Competition Editor. 
Helpful suggestions on manuscript prepa- 
ration will be furnished to all who enter. 


THE GAGE PUBLISHING COMPANY 
Publishers to Industry Since 1892 


1250 Sixth Avenue 
New York 20, N.Y. 











Svnchronous Motors 


Require Multifunctional Controls 


induction motors in that d-c field excitation is sup- 

plied while running and the usual field-armature 
relationships of d-c motors are reversed. They are 
started as squirrel cage induction motors. Either the 
stator or the rotor of a synchronous motor could be 
made the d-c field, but the design is simpler with the 
field revolving and with the armature, to which the a-c 
line voltage is applied, stationary. This requires only 
two low-voltage slip rings for the field winding. On 
the rotor the d-c excitation coils are wound on salient 
poles in the faces of which are mounted squirrel cage 
winding bars for starting. , 

A typical three-phase synchronous motor is_ illus- 
trated, with the collector rings for the d-c winding but 
less shaft and bearings. As far as stationary elements 
are concerned, the construction features are the same as 
those of polyphase induction motors. Bearings, end 
shields, stator frames, punchings, and windings in gen- 
eral follow the same pattern. In fact, many of these 
parts can be interchangeable. 

Distinguishing characteristics of synchronous motors 
are operation at constant speed and opportunity for 
power factor adjustment. Other advantages are higher 


YNCHRONOUS MOTORS differ from ordinary 
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Because of the dual nature of syn- 
chronous motors between starting and 
because 


running and 


two power 
sources are involved, control prob- 
lems are necessarily more complex. 


Automatic controls involve timing of 


d-c field application for synchroniza- 
tion and complete pull-out protection. 
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efficiency for low-speed motors and for high-speed 
motors of unity power factor, and lower starting current 
for some types and ratings. Lower starting torques and 
the necessity for a separate d-c power source may be 
disadvantages. 

Typical applications are compressors, motor-generator 
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Fig. 1—(Left, top) Average and instantaneous torque during acceleration of a synchronous motor. Fig. 2—( Right) 
Stator and field current during acceleration near synchronism, showing decreasing slip (lower frequency). Fig. 3— 


(Left, bottom) Average and momentary speed at low slip. 
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sets, pumps, blowers and rubber mill machinery drives. 

High speed synchronous motors are usually provided 
with direct connected exciters for the d-c supply, while 
low speed motors are furnished with belted or separately 
driven exciters. Where several motors are involved 
excitation source may be a d-c bus. The d-c field wind- 
ing produces a flux with poles of fixed position relative 
to the rotor. These poles are attracted by poles of op- 
posite polarity in the rotating a-c field set up in the 
stator winding. Thus, the rotor is caused to revolve at 
the same speed as that of the rotating stator flux after 
the rotor has been accelerated nearly to that speed in a 
manner to be described. The motor speed is constant 
and can not be changed in any given machine except 
by change of frequency of the power supply. However, 
the basic synchronous speed may be changed by a special 
design which permits a regrouping of both stator and 
rotor poles resulting in a 2-to-1 speed ratio. Two-speed 
synchronous motors find a wide application in rubber 
mill service. 

With a-c voltage applied to the stator and with the 
rotor at standstill, because of the large number of turns 
on the field poles, transformer action will induce a very 
high voltage in the field if it is open-circuited. To avoid 
excessive potential at starting, it is necessary tO short- 
circuit the field winding through a resistor, or to sec- 
tionalize it into several parts, each of which is left open. 
With the field open, there will be no circulating current 
in it and hence no starting torque. If the field is shorted 
through a resistor, the current flowing in it produces a 
small torque at standstill and an appreciable component 
of the total torque near synchronous speed. The resistor 
used to short the field during starting is chosen so as 
to limit the voltage across the field rings to a safe value. 
When d-c excitation is removed, the inductive “kick” 
voltage must also be held to a safe value. The same 
resistor which is used for starting is also used as a dis- 
charge resistor. 

If direct current is supplied to the rotor and alternat- 


Fig. 5—(Left) Vector diagram of one phase of stator 
current vs power-factor angle during acceleration. Fig 6 
—(Middle) Vector diagram of one phase of stator cur- 
rent vs power factor angle, with motor operating in syn- 
chronism and excitation on. Pull-out is at 90 deg. 


Fig. 7—(Right) Typical stator-field current V curves. 
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Fig. 4—Variation of synchronizing torque with angle 
of field application. Most favorable angle is where 
field current passes through 0 in a positive direction. 


ing current to the stator, the motor will develop very 
large oscillating torques but will be incapable of start- 
ing from rest. In order to start and accelerate the 
machine it is therefore necessary to add a squirrel-cage 
winding. These squirrel-cage bars are embedded in the 
pole faces of the rotor and connected to end rings. 
Groups of bars of adjacent poles may be left open- 
circuited, or the end rings may be continuous around 
the entire rotor periphery. Hence, the machine may be 
started and accel¢rated nearly to synchronism as a 
squirrel-cage induction motor, with the field discon- 
nected from its d-c supply and usually short-circuited 
through its starting and discharge resistor. D-c voltage 
is then applied to the field and the motor synchronizes 
or pulls in to step and runs at synchronous speed. There- 
after the squirrel-cage serves also as a “damper” wind- 
ing by modifying the instantaneous speed variations due 
to sudden changes of load. 

Speed-torque curves for typical synchronous motors 
are shown in Fig. 1. The current which circulates in 
the short-circuited field winding follows this same gen- 
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eral pattern. Fig. 2 shows typical speed-current curves. 
Modulation of the stator current due to salient pole effect 
is indicated by the dashed lines. 

Since synchronous motors are started and accelerated 
as squirrel-cage induction motors, the average curves 
of Figs. 1 and 2 are similar to those of such machines. 
At zero speed the frequency of the current in the field 
and squirrel-cage bars is line frequency, while at syn- 
chronous speed it is zero. Under locked rotor condi- 
tions the stator current is maximum and the power 
factor is minimum. As the rotor accelerates from rest, 
the stator current decreases in magnitude and the power 
factor increases to a maximum value in the neighbor- 
hood of 80 to 90 per cent of synchronous speed. Due 
to the salient pole effect, the stator current is modulated 
at a frequency which varies from a maximum value of 
half line frequency at 25 and 75 per cent speed to zero 
frequency at standstill, half speed, and full synchronous 
speed. 

Fig. 3 shows a speed-time curve of a synchronous 
motor operating as an induction motor at a low value of 
slip and indicates the variation in instantaneous speed. 

Pull-in torque is the maximum constant-load torque 
against which the motor will pull its connected inertia 
load into synchronism when d-c field excitation is ap- 
plied. The higher the WK? of the connected load, the 
closer to synchronous speed the motor must accelerate 
as an induction motor in order to synchronize when 
field is applied, or the lower is the load which it will 
pull-in from a given speed. Pull-in torque varies with 
the angle between the axes of rotor and stator poles at 
the instant field is applied. Fig. 4 shows the maximum 
pull-in torque which a motor is capable of developing 
plotted against angular displacement of the rotor. This 
curve will differ from one motor to another. 

Timing for Maximum Pull-In Torque. Maximum 
load can be synchronized when field is applied in the 
region of 15 to 30 electrical degrees beyond the no-load 
angle. At this point, induced field current is zero and 
field flux linkages are maximum. If the polarity of 
applied field excitation is in a direction to increase the 
flux linkage trapped by closing the field circuit, maxi- 
mum pull-in torque will be obtained. Minimum pull-in 
torque is developed approximately 90 electrical degrees 
beyond this point. There is a gain of approximately 45 
per cent in synchronizing torque between minimum and 
maximum. At 180 electrical degrees beyond the maxi- 
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MOTOR 
Three methods of starting a synchronous motor with part winding or reduced voltage. 


Fig. 8—(Left) Three-step, part-winding starting (one phase shown). Fig. 9—(Middle) Autotransformer 
starting with open-circuit transition. Fig. 10—(Right) Autotransformer starting with closed-circuit transition. 
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mum point, which corresponds to applied excitation 
of reversed polarity, the loss in pull-in torque is approx- 
imately 10 per cent. 

Since synchronous motors operate at constant speed, 
the speed-torque curve for normal operation is a straight 
line from zero torque to the maximum or pull-out 
torque. 

With field on and the motor operating at synchronous 
speed, the axes of the rotor poles lag behind the axes of 
the stator poles by the load angle. As load is increased, 
the load angle increases. When this angle becomes 
one-half pole pitch (90 electrical degrees) the torque 
developed is the maximum the motor can produce. Be- 
yond this point, the magnetic lines of force which drag 
the rotor around are not strong enough to hold it and 
the motor pulls out of step. If field is left on, the motor 
may stall unless the torque developed in the squirrel- 





A typical synchronous motor, shown without shaft and 
bearings. Rated 125 hp at 257 rpm, 2200 volts, 3 phase. 
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tained under various methods of starting. 


cage winding is able to hold the load at some sub- 
synchronous speed. The stator current increases, the 
power factor becomes rapidly lagging, and there are 
severe current and torque pulsations which might dam- 
age the motor or the connected load. 

In Fig. 5, starting current during acceleration is rep- 
resented as 7, which is made up of two components : for- 
ward component /, and backward component J}. Near 
synchronous speed, /, rotates at twice slip frequency. 
The locus of the tip of the current vector is in the form 
of a spiral from the instant of start to its maximum speed 
as an induction motor. Fig. 6 is a four-quadrant vector 
diagram of one phase of a polyphase synchronous motor 
showing the relationship of line voltage and stator cur- 
rent with respect to power factor angle. Vector /, is 
shown as normal full load current for a leading power 
factor machine. The synchronous characteristic circle 
shows the value and phase angle of vector /, as power 
factor and load angle are varied with the machine in 
synchronism and with rated excitation. Reduction of 
excitation reduces the radius of the circle. At an angle 
of 90 deg, maximum steady-state torque is developed. 
With oscillating loads it is possible to swing the rotor 
to a maximum load angle of approximately 120 deg, 
yet the motor may recover and remain in step if the 
load is removed quickly enough. 

Standard motors are usually rated on the basis of 
1.0 or 0.8 power factor leading at full load with rated 
excitation. Leading power factor motors can be used 
to drive a mechanical load and, at the same time, provide 
leading reactive kva to improve the power factor of the 
system. The power factor and the stator current vary 
with the direct current supplied to the field winding. 
See typical V curves in Fig. 7. With a given load and 
a certain field current, let us assume the power factor 
is unity. The stator current is minimum. Now if field 
current is decreased, stator current increases and the 
power factor becomes lagging. If field current is in- 
creased, stator current increases and the power factor 
becomes leading. 

Furictional Requirements of Control. Motors should 
be carefully selected to suit the starting and running 
conditions imposed by their driven loads. So also should 
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Fig. 11—Synchronous metor speed-torque curves ob- 
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Fig. 12—Motor heating and thermal relay tripping 


curves should correspond for adequate protection. 


the devices which control these machines be 
selected to meet the electrical limitations of the power 
system to which they are to be connected and _ the 


wisely 


mechanical limitations of the load. Before any motor 
can be used, means must be provided to connect it to 
its source of power, to control its acceleration, to stop 
it, to protect its windings from damage due to thermal 
overload and electrical circuit faults. These functions 
must be performed by the control efficiently and econom- 
ically without penalizing the motor by distorting its 
characteristics. Control for synchronous motors must 
provide all of these primary functions and, in addition, 
must also apply d-c excitation at proper speed and 
angle at pull-in, to remove field excitation promptly on 
pull-out, and to protect the squirrel-cage winding 
against overheating under stall conditions or operation 
as an induction motor at speeds below synchronism. 

The motor may be started by applying either full 
voltage or reduced voltage to the stator winding. Full- 
voltage starting requires that the motor windings be 
sufficiently braced and the mechanical structure of both 
motor and connected load be sufficiently rigid to with- 
stand the stresses produced by the high inrush current 
and the sudden application of maximum starting torque. 
This method is the simplest and is the most economical 
in cost of equipment, cost of power involved in starting 
and in time required to accelerate. Most modern motors 
meet these requirements. However, because of limita- 
tions of the power system or mechanical limitations ‘of 
the load or of the motor, it may be necessary to reduce 
the current drawn from the line or the torque applied 
to the load during starting. Special motors with multi- 
ple-circuit stator windings may be started by energizing 
one winding and then energizing successive parallel 
circuits in steps at full voltage until the full winding is 
in use. This method reduces the starting current and 
the starting torque in various combinations depending 
on motor design. Fig 8 shows typical connections of 
one phase of a part-winding motor stator. 

Any of the conventional methods of reduced voltage 
starting may be used with synchronous motors. One 
method is by use of a voltage transformer, the most 
economical being an autotransformer. This is the most 
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Fig. 13—Curves showing coordination of current-lim- 
iting fuse, contactor and thermal relay characteristics. 


efficient method of reducing the motor starting current 
but is usually the most expensive. Voltage applied to 
the motor is a reduction from line voltage in portion to 
the turn ratio of the transformer, and it is practically 
constant during the starting period. Standard taps 
provide 50, 65, and 80 per cent voltage to the motor. 
Motor current is reduced in direct proportion to tap 
voltage, but current drawn from the line varies as the 
square of the tap voltage, if transformer magnetizing 
current is neglected. Starting torque is reduced in the 
same proportion as line current. 

Fig. 9 shows motor connections using an autotrans- 
former for reducing the starting voltage. Contactor S 
is a 5-pole device and connects motor and line to the 
autotransformer. After the motor has accelerated, con- 
tactor S is opened, disconnecting the motor, and con- 
tactor R is closed, energizing the motor at full line 
voltage. This arrangement provides an open-circuit 
transition which is required to prevent S and R from 
being closed at the same time and short-circuiting a 
portion of the autotransformer. A modification of this 
circuit to permit a closed-circuit transition can be ac- 
complished as shown in Fig. 10, in which S and N 
are closed initially for starting. After acceleration N 
is opened, R is closed, then S is opened. This leaves 
the motor connected to the line through S and a por- 
tion of the autotransformer winding as a series reactor 
during the period of transition from reduced voltage 
to full voltage. 

Another method of obtaining reduced voltage for 
starting is by inserting a series resistor in each phase 
of the line to the motor. After the machine has ac- 
celerated, these resistors are shorted out in one or 
more steps, depending upon power system limitations 
or torque requirements. Motor current is the same as 
current drawn from the line. Starting torque is re- 
duced by the square of the ratio of applied motor volt- 
age to line voltage. 

A series reactor in each phase of the power supply 
will also reduce the voltage at the motor terminals. 
This reactor may be shorted out after the motor is 
up to speed. Impedance drop across the reactor reduces 
motor voltage and motor current. Starting torque varies 


APRIL 1949 


as the square of the ratio of motor voltage to line volt- 
age. As the motor accelerates, the drop across the re- 
actor decreases, the power factor increases and the re- 
actor drop swings out of phase with the motor voltage. 
Applied voltage to the motor thus increases during ac- 
celeration more than in resistor starting and the max- 
imum torque is greater. Fig. 11 illustrates speed-torque 
curves with various types of motor starting. 

Stator running-overload protection is provided to 
prevent damage due to overheating of the stator wind- 
ings when operating under mechanical overloads. Mo- 
tors rated 40 C rise have a 1.15 service factor while 
those rated 50 C rise are maximum rated. These ma- 
chines carry their rated loads continuously without ex- 
ceeding rated temperature rise. Loads above rated 
value will cause overheating. These over-temperatures, 
if not excessive or prolonged, may not cause apparent 
damage immediately but life of the insulation will be 
reduced and repeated overheatings, however slight, will 
in time result in failure. The problem is to have the 
thermal overload relay fully protect the motor. Thermal 
overload relays should have tripping characteristics 
that closely follow the motor heating curve as shown 
in Fig. 12. Different motors have different heating 
characteristics as do various types of stator overload 
relays. Fig. 12 represents average conditions. 

When the motor is running as an induction motor. 
a thermal overload relay is connected in the field dis- 
charge circuit to protect the squirrel-cage winding 
against overheating. A reactor is connected in parallel 
with this relay. At start, the frequency of the current 





Fig. 14—Field control panel sub-assembly. Field apply- 
ing relay and its auxiliary are at top; the power-factor 
field removal relay is below to right. 
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through this combination is at line frequency, but de- 
creases as speed increases. The impedance of the re- 
actor thus varies inversely as the speed of the rotor 
and takes more of the current from the relay as the 
motor accelerates. By a proper combination of reactor 
impedance and relay heater resistance, a tripping char- 
acteristic comparable to the squirrel-cage heating curve 
may be obtained. Some control manufacturers have 
supplied a thermal relay energized from the control 
circuit which is left in the circuit during starting. The 
device will trip if the machine is not synchronized in 
a certain time. 

Protection Against System Faults. NEMA Class A 
standards require that the control interrupt only ten 
times motor full load current, that is, locked-rotor cur- 
rent. However, the use of increasingly higher voltages 
and “stiffer” systems capable of producing greater 
short-circuit currents makes it necessary that control 
equipment be built to clear faults and protect the motor 
and its connecting leads. A goodly portion of existing 
installations is wholly inadequate to properly provide 
fault current protection, and too often new equipment 


CLOSING 
le- OF FIELD 
CONTACTOR 


DROPOUT OF _. 
eae FR RELAY 
eeeeennene PERERA EERE ERR OAR ER ERE REDO R TEAR AERA ERA E RECO REA CORO R ORCA ARORA RRR 


vererrere 


TOPPED PPTTD EPP PPP E Dr rere eteet POUTPrrereeereree rere eencene 


— 1% SLIP % SLIP - 


60 CYCLE TIMING WAVE 

LINE CURRENT 

- FIELO CURRENT 

- TAP VOLTAGE FROM DISCHARGE RESISTOR 
-FR RELAY COIL CURRENT 


Fig. 16—Oscillogram showing d-c field application from 
constant slip of 1 per cent from synchronism. 


is being added to expanding power systems without 
proper consideration being given to this very important 
question. Part of the reason for this may be that users 
are not aware of the seriousness of the hazard of im- 
proper protection -nd part probably due to the fact 
that this type of insurance costs money. The extent of 
damage incurred is determined by the energy dissipated 
in the fault and, therefore, it is advantageous to clear 
the fault as soon as possible. 

The controller must interrupt the full available short- 
circuit current. This involves complete co-ordination of 
all current carrying parts. Current transformers, ther- 
mal overload relays, contactor or breaker tips and 
shunts, bus and bus risers, etc., must all be adequate, 
thermally and mechanically, to withstand the tempera- 
tures and stresses resulting from fault currents. In- 
terrupting ability may be provided by the use of oil or 
air circuit breakers, by the more economical combina- 
tion of fuses and contactors, or by the introduction of 
a reactor to limit the amount of short circuit current 
to a value which may be safely interrupted by the equip- 
ment. The addition of a reactor to a Class A starter, 
where currents must be limited to ten times full load, 
results in a reactor of appreciable size and weight, 
besides the introduction of heating problems in the 
reactor and its mounting, and poorer voltage regulation 
and power factor, particularly during starting. It is 
possible, however, to add reactors to equipments which 
in themselves have considerable interrupting rating and 
thus broaden the scope of application of the combina- 
tion if limited to the smaller horsepower sizes. 

The use of fast-acting current-limiting fuses permits 
the use of contactors which by themselves could neither 
carry nor interrupt the high fault currents available. 
The short-circuit current that a system is capable of 
producing requires time to build up to its maximum. 
Current limiting fuses operate at values of current much 
below the system peak and so rapidly that the contactor 
and other current carrying parts are never subjected 
to the full amount the system could produce. Fig. 13 
shows how the characteristics of fuse melting, thermal 
overload relay tripping, and contactor current carrying 
and interrupting ability are coordinated to give com- 
plete over-all protection. 
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Fig. 17—Oscillogram showing d-c field application from 
5 per cent slip, with motor accelerating. 


Automatic Timing of Field Application. The earli- 
est control devices were manually operated. The se- 
quence of operation was left to the discretion of the 
operator, who by observation or by sound attained in 
time no small degree of skill in determining adequate 
timing. The inherent electrical hazard of hand-operated 
devices by unskilled personnel and the manual labor 
involved are reasons for a change from this practice 
but most important is the better performance obtained 
from magnetic equipment, especially where timing se- 
quence is involved. 

For synchronous motor control, the first attempts at 
automatic operation were made in the application of 
field excitation. A timing interlock on the line con- 
tactor was used to close the field contactor. A lock-out 
coil connected in the field discharge circuit prevented 
operation of the interlock until the induced field cur- 
rent decreased near synchronism to the point of release 
of the lockout. The timing mechanism then operated 
to close the field contactor coil circuit. A definite-time 
relay was used in another method. Closure of the line 
contactor started the timing relay. At the end of the 
adjustable time setting, the relay closed the field con- 
tactor regardless of actual rotor speed. 

The next step toward automatic operation was to 
provide a means to remove d-c excitation whenever the 
motor pulled out of step for any reason. A power- 
factor field removal relay was used which operated on 
phase relation of stator current and voltage. 

Various schemes using slip-frequency and amplitude 
of the induced field current during starting have been 
manufactured. Most of these rely on this signal to 
initiate field application, although others also make use 
of it for field removal. 

Another used stator current magnitude in combina- 
tion with a timing relay on the d-c supply for both 
field application and field removal. The power factor 
angle of stator current and voltage also has been used 
for both application and removal of field. 

The trend throughout has been toward entirely au- 
tomatic operation under all conditions and equipment 
which gives complete over-all protection. Totally en- 
closed equipment is being supplied to protect personnel 
from accidental contact with live parts, and devices 
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Fig. 18—Synchronizing torque curve with shaded area 
showing region of operation of field-applying relay. 





from dust and dirt. Line ammeter, field ammeter, and 
adjusting means of field current are provided as stand- 
ard equipment. 

Systems for electronic control of field application and 
field removal have been developed. These combined 
with electronic rectifiers for d-c supply and electronic 
power-factor regulation offer definite possibilities. 

A new development provides that the control lead 
the motor through starting, acceleration, pull-in, run- 
ning operation, and pull-out from any cause, taking 
full advantage of the motor’s available characteristics 
and insuring complete over-all protection against ab- 
normal conditions. Features of simplicity and sturdi- 
ness, ease of installation, adjustment, and maintenance 
have been incorporated. 

This field control system employs separate relays for 
field application and field removal. The field applica- 
tion relay operates in response to the changing fre- 
quency of the current induced in the field winding as 


(Continued on page 172) 
















EDITORIAL INDEX for 1948 


An index of the editorial content of 






ELECTRICAL MANUFACTURING throughout 
1948, comprising Vols. 41 and 42, has 
been prepared and will be supplied upon 
request addressed to the Editor. 

The Index comprises two independent 
listings—subjects and authors—both ar- 
It facilitates the 
use of the publication for reference pur- 


ranged alphabetically. 


poses and should be available wherever 
copies of the 1948 issues are preserved. 

Copies of the indexes for 1945, 1946 
and 1947 are also still available. 


Todays Product Designs 


Contour Control for 
an Engine Lathe 


Template control of size 
and contour with automatic 
cycling, provided by a 
package unit designed as 
an accessory to a standard 
engine lathe, increases out- 
put from 8 to 10 times over 
manual control. A separate 
electronically controlled 
motor drive is coupled to 
the right end of the car- 
riage feed screw. Guided by 
an air-gage tracer head, 
the control system provides 
stepless variation in car- 
riage feed rate from 1% to 
20 in. per min. Operator is 
required only to load and 
unload and start the cycle, 
allowing one operator to 
run two or more machines. 
Control panel is carried on 
a separate floor _ stand. 


Monarch Machine Tool Company 


Electric Roaster with Added Utility 


Cooking well is brought up to standard counter height by 
a steel cabinet supplied with this new 18-qt. 1320-watt 
roaster. Single-shell aluminum cover has glass window 
and adjustable vent with enclosed, spring-actuated lifting 
mechanism controlled by pushbutton latch on front. Cali- 
brated control dial operates bimetal thermostat; indicator 
light directly below knob shows when current is on. Bot- 
tom and sides of roaster insulated with wrap-around 
blanket of glass wool. White baked enamel finish on 
roaster and cabinet. C. E. Waltman was design consultant. 


National Enameling and Stamping Company 


ELECTRICAL MANUFACTURING 





Battery Powered 
Pallet Truck has 
Safety Control 


Upon release, control 
handle is returned to 
vertical position by 
springs; traction drive 
is disconnected and 
brake is applied to 
drive shaft immediate- 
ly stopping the truck. 
Top of control handle 
carries pushbuttons in 
center for lifting and 
lowering; right and 
left hand duplicate 
controls provide two- 
speed forward and re- 
verse. Pallet fork 
raised by gear type hy- 
draulic pump driven 
by series motor; low- 
ered by solenoid. 


Por or tie A 


Towmotor Corporation 
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Soldering Iron for Light Work 


Spring support for soldering iron cushions pressure for 
light work, keeps pistol grip handle cool. More convenient 
grip angle is said to reduce fatigue by better balance, and 
increase production rate by more natural working posi- 
tion. Nickel chrome 125-watt heating element is metal 
sheathed. Has usual range of interchangeable tips. Small 
blade at front of grip swings to side to form a stand. 


The Lenk Mfg. Company 


500 Amp A-C Welder with Illuminated Dial 


Transparent dial with large, well-spaced figures illuminated 
from behind by a 40-watt bulb, and mounted on top of welder 
clearly shows current settings. Movable coil type of current 
control has both coils positioned by a single vertical screw 
with right- and left-hand thread sections. Non-linear current- 
position relationship of coil movement is converted to linear 
dial scale by cam and lever mechanism. Welder is cooled by 
forced down draft ventilation with air intake through circular 
louvers at top. Appearance design by Hobart engineers. 


The Hobart Brothers Company 
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Automatic Surface Grinder 


To handle larger work and faster stock 
removal, new grinder has three wheel 
heads, each driven by a 30-hp motor. 
Rapid traverse for each head is powered 
by a %4-hp high torque motor; feeds 
driven by 14-hp motors; work table ro- 
tated by 3-hp motor. All motors are fully 
enclosed; 30-hp and 3-hp motors are fan 
cooled. Pushbutton controls for the mo- 
tors are on panel at right of operator; 
separate ammeters for each wheel head 
show current drawn by each 30-hp motor. 
Built into each head is a solenoid op- 
erated wheel dresser, controlled by a 
pushbutton under the ammeter on panel. 


The Blanchard Machine Company 


Oven Type Non-Automatic Toaster 


Conventional, one-side-at-a-time toaster, with manual turn- 
over now redesigned for better appearance. Enclosure speeds 
up toasting, increases safety. Toasts two slices at a time; by 
turning handle, both slices are reversed. Styled by Sundberg- 
Ferar; case is finished in chromium with mahogany color 
plastics handle and base. 





Landers, Frary & Clark 


Dry Cooler for Bottled Drinks 


Compressor, condenser and cold air circulating fan 
mounted in machine compartment at end of case 
provide dry cold for bottled drinks. Behind stor- 
age compartment is an air duct containing a finned 
cooling unit over which air drawn from floor of 
cabinet is circulated by fan. Baffle plate across top 
of storage compartment directs air down across bot- 
tles. Insulated on all sides but top with 3-in. glass 
fiber blanket. Finished in baked metallic bronze 
enamel over bonderized steel, with stainless trim; 
appearance designed by Frigidaire engineers. Stain- 
less slide-up lids with plastics handles. 


Frigidaire Division 
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Cabinet Ironer Converted into a Piece of Fine Furniture 
Standard electric ironer with a hardwood cover and Mulder. Top serves as a table when closed over ironer; 
legs now designed to complement dining room or living plastics forming board provides cool working surface, 
room furniture. Appearance design by Lubberts & tips up for access to switches and for closing cabinet. 
Electric Steam Vaporizer and Humidifier 
Water in reservoir remains cool; only about 1 oz. of boiling 
; water is in contact with the 350-watt carbon heating ele- 
ment. Safety shut off operates when water supply is ex- 
hausted. Insulated side walls keep stand cool. Operates for 
12 hr. on a 2-qt. filling. Satin finish plastics case with de- 
tachable vapor cup. 
Electric Steam Radiator Corporation 
1 
. The Ideal-Aire Inc. 
f eee SSS. 
) 





Evaporative Cooler and Air Circulator 


Vertically mounted 1/15-hp. fan in top section delivers air at rate of 
2000 cu. ft. per min., drawing air through water-saturated Fiberglas 
filter. Vaporizer is separate motor driven unit hermetically sealed and 
operating in its own sealed oil bath; operates immersed and recirculates 
water contained in tank in base of cooler housing. Cooler styled by 
Warner Von Hoople, is 18 in. diam., 28 in. high. 
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Carrier Frequency ror Remote 


New electronic time system uses three frequencies in 2 to 


6 ke range impressed on 60 cycle lines within a distribu- 


tion system for remote control without added control wiring. 


MPORTANCE of accurate time in commercial and 
| industrial establishments is well recognized, and 

several different types of time systems are in wide- 
spread use. In such systems an accurate master clock 
controls time indicating clocks throughout a building 
or group of buildings and provides uniform accurate 
time throughout the establishment. Such systems may 
include attendance recorders, in which a time card 
record of an employee’s working hours is prepared ; job 
recorders, which record the time for a particular work 
operation ; and time stamps, which imprint the time and 
date on mail or telegrams, etc. In such systems some 
medium of connection between the master clock and 
each of the clocks and recording units must be provided. 
Up to the present time, this connecting medium has 
consisted of a separate system of control wires. Such 
a system has the disadvantage that it cannot be ex- 


7 ransrmitter 


Magnet coil 
177 Clock 


Receiver 


panded without installing additional wiring and the 
location of units cannot be changed without changing 
the wiring. 

Use of carrier current offered an attractive solution 
to this problem. Carrier current control had been in use 
in this country since some time in the early 1920's, and 
even earlier in England where it was termed “ripple 
frequency.” In this type of control a higher frequency 
impulse is superimposed on the power line frequency. 
The receiver associated with each device to be controlled 
consists of some type of resonant filter which responds 
to the particular control frequency used and rejects 
other frequencies including the power frequency. This 
method is used for so-called “‘wireless’’ systems of record 
selection for commercial record players. After a careful 
study of existing systems it was realized that the appli- 
cation of carrier current to the control of units within 


Power amp/ifier 


Output 
sfransformer 


Meying 
f relay 
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Fig. 2—Transmitter includes a power supply, oscillator and amplifier feeding carrier frequency to the line through a 
coupling transformer and capacitor. Receiver incorporates a simple resonant circuit which also serves as a filter to 
reject 60 cycle frequency. Transmitted pulse initiates discharge of the cold cathode tube. 
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J. L. WAGNER, Manager; W. WEBB, Engineer 
Electrical Laboratory 
International Business Machines Company 


a building or group of buildings presented a more dif- 
ferent problem than in its application to primary power 
lines. The following requirements were therefore set up 
to guide the design of the new time system. 

1. The signal should be applied on the secondary 
system of the (customer’s) transformer so that signals 
would not appear on the power line and on the circuits 
of adjacent premises. The signal frequency must be 
chosen so that no significant signal is transferred into 
the primary of the power transformer. When feeding a 
load system, the impedance looking toward the power 
source from the point of signal insertion is so low as 
compared to the impedance looking toward the load that 
the signal attenuates rapidly, approaching zero, in the 
source direction and yet permits a satisfactory signal in 
the load direction. 

2. Signal voltage should be kept low so that a rela- 


Fig. 1—Continuous run synchronous motor 
driven hands on the new IBM clock are reset 





once an hour to agree with the master clock by 
a 4 sec, 2 volt carrier frequency pulse trans- 
mitted over the power line within the plant. 





tively inexpensive low power transmitter would supply 
a large building. 

3. The frequency selected should be low enough so 
that (a) it would not radiate from lines and (b) it 
would be below the frequency range of most extraneous 
interference which predominately consists of high fre- 
quency components. It must be high enough so that 
60 cycle loads do not draw appreciable signal current 
and so that electronic receiver components can be kept 
within reasonable size and cost, and achieve a relatively 
high “Q” factor. A frequency range of 2 to 6 ke was 
found to be the most advantageous as higher frequencies 
would attenuate more rapidly along a distribution line. 

4. Shunt feed rather than series feed offered several 





Fig. 3—Transmitter is housed in a ventilated steel case designed for wall mounting. Chassis is hinged at bottom as shown 
at right for access to terminals and ease of servicing. To minimize signal transfer to primary of power line transformer, 
transmitter connection is made at the maximum distance from power transformer. 


APRIL 1949 


105 








advantages: To shunt feed a system a signal would be 
applied in parallel with the lines by means of coupling 
capacitors, and no changes to customer’s equipment 
would be necessary. For series feed a current trans- 
former must be inserted in the bus. This is rather 
difficult, therefore both installation and equipment costs 
are less for shunt feed. Commercial power transformers, 
however, present a very low impedance to the signal and 
consequently it is preferable to insert the signal at a 
point on the bus system which is at higher impedance, 
as remote as practical from the transformer and near 
the point where the last main feeder is connected. 

5. The design of the receiver circuit was governed by 
such factors as cost, size, freedom from interference, 
ability to accommodate extreme line voltage variations, 
long life, no consumption of standby power, operation 
from relatively weak signals of the order of 1% volt and 
minimum consumption of signal current so that there 
would be no limit to the number of receivers that could 
be controlled. 

6. In order to realize maximum power consistent 
with cost, commercially available components such as 
transformers and low voltage tubes should be used rather 
than high voltage and more hazardous “transmitting” 
components. When more power is required, it is more 
economical to use two or more units of this type rather 
than a single unit of higher power. 

7. Almost all prior clock systems operate on the 
principle of impulses from a master clock advancing in- 
dividual clocks a minute at a time. In addition, pulses 
of a different polarity or on a third conductor are used 
to achieve synchronization of individual clocks once an 


hour. The new clock system was designed for greater 
flexibility in application, for quiet operation, and using 


Fig. 4—Clock hands are driven by a synchronous motor 
which also drives a corrective mechanism engaged by 
the relay when a carrier pulse fires the gaseous dis- 
charge tube. Receiver is mounted behind the clock face. 
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a unit clock, Fig. 1, with a synchronous motor to in- 
dicate continuous time. In order to achieve synchroniza- 
tion in the event of individual power failures or where 
clocks are used on poorly supervised 60 cycle systems, 
a mechanism was designed in the unit clock which, upon 
initiation of an impulse from the master clock, checks 
the position of minute and second hands, and, if incor- 
rect, brings them to the correct position. Since the 
clock operates from line power and the carrier impulse 
is used only at the correction period, the transmitter 
may be turned off by the master clock when not in use, 

Commercial product now being produced is the result 
of meeting the above varied, but important conditions, 
Referring to the circuit diagrams in Fig. 2, the trans- 
mitter consists of a tube, coil, and capacitor forming an 
oscillator. Output of the oscillator tube is inductively 
coupled though another winding of the coil to the grids 
of push-pull parallel power amplifier tubes; output of 
the amplifier tubes is matched to the low line-impedance 
through an output coupling transformer. Coupling 
capacitors in combination with the output transformer 
act as a filter system to exclude 60 cycle power from 
the amplifier but pass the high frequency output. Power 
for both oscillator and amplifier is supplied by a power 
transformer and rectifier tube. The number of com- 
ponents is kept to a minimum. 

The transmitter, Fig. 3, is designed for wall mount- 
ing. The outer cabinet is a knockout box with ventilat- 
ing louvres and a hinged door. The chassis containing 
control relays, oscillator, and amplifier can be swung 
out for servicing or readily removed. The transmitter 
is placed in an accessible location as near the main dis- 
tribution panel as conveniently possible. A fused dis- 
connect switch is provided and connection to buses are 
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Fig. 5—Converter unit supplies regulated-time one- 

minute impulses to existing standard devices such as 

attendance recorders and time stamps, keeping them ac- 
curately in time with the master clock at all times. 


ELECTRICAL MANUFACTURING 











Fig. 6—Master clock operates keying relays in the 
transmitter, supervising three separate channel fre- 
quencies, one for time correction and two for special 


purposes such as ringing bell circuits. Flexibility in 
setting up programs is readily provided. 
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made at the feeder tap most remote from the power 
transformer on the bus system. Control wiring must 
be provided between the master clock and transmitter 
for operating the keying and power relays and the fre- 
quency selection relays for signal (buzzer) devices. 

In the receiver, a series resonant input circuit shown 
in Fig. 2 is formed by a coil and capacitor which also 
serves as a filter to reject the 60 cycle voltage. This is 
loosely coupled to a parallel resonant output circuit con- 
sisting of a coil and capacitor connected between the 
starter anode and cathode of a cold cathode gaseous 
discharge tube. The anode of the tube is connected to 
one side of the 115-volt 60-cycle line and the clock mag- 
net coil is connected between cathode and the opposite 
side of the line. This combination series and parallel 
resonant circuit is capable of developing sufficient volt- 
age between starter anode and cathode to initiate dis- 
charge of the tube which conducts and energizes the 
magnet coil as long as the signal impulse remains on the 
line. Such a resonant circuit has sufficient gain to fire 
the tube and is sufficiently selective to have a good signal- 
to-noise ratio. Since none of the voltage used to fire the 
tube is derived from the 60-cycle line voltage, the sensi- 
tivity is substantially independent of line voltage varia- 
tions. Satisfactory operation of the unit clock magnet 
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Fig. 7—Typical system using carrier frequency time 
control supplies all feeders on the low voltage side of 
the power line from one master clock and transmitter. 


is maintained over the line voltage range from 90 to 
130 wolts. 

Since the tube conducts for only 4 sec of each cor- 
rection period and has no heater to burn out, many years 
of tube life will be obtained. Likewise, with no heater, 
no standby power is consumed. Due to the fact 
that the signal current is not used to do mechanical 
work, the resonant circuits are of an order of impedance 
where the amount of signal current consumed is insig- 
nificant compared to that consumed by 60-cycle loads. 

Receiving equipment is nominally rated for minimum 
signal sensitivity but under special circumstances may 
be readily adjusted to either more or less sensitivity. 
The receiver inherently rejects interference signals, but 
in order to provide absolute assurance that the corrective 
mechanism of the clock will never be spuriously tripped 
by any kind of line transients additional protection has 
been provided. The magnet is designed to be slow 
acting to which has been added a simple and effective 
mechanical time delay in the corrective mechanism. This 
delay is set so that the magnet must be continuously 
energized for a period of 2 sec before the corrective 
mechanism will operate. The duration of the carrier 
signal has been made 4 sec. 

The corrective mechanism consists of a latch type 
clutch device, which when tripped by the impulse from 
the receiver operates in conjunction with the synchron- 
ous motor drive to correct the clock hands in step with 
the master clock. A rear view of the receiver and cor- 
rective mechanism is shown in Fig. 4. 

Amount of signal voltage which the transmitter is 
capable of impressing on the line is dependent on the size 
of the 60-cycle load and also the character of the load. 
One transmitter will modulate satisfactorily a load of 
200 to 500 kva. A pure resistive load consumes much 
more of the signal frequency energy than an equivalent 
kva of inductive load. Distance from the signal source 
to the most remote load is a factor of little consequence. 
If a satisfactory 60-cycle voltage is available at the load 
then the high frequency signal will be adequate. 

Clocks may be provided with a standard line cord 
and plug and plugged into any convenient outlet and 
their location changed at will. However, it is recom- 
mended for reliability and appearance that a knockout 
box be installed behind the clock and a permanent con- 
nection made. 

In order to make the system more flexible, attendance 
recorders, time stamps, and other devices using the 
established minute impulse may be hourly corrected by 
the carrier impulse without the need for wiring back to 


(Continued on page 196) 
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Predicting Insulating Performance by 


Statistical Analysis 
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This article and the one that follows give practical examples of the 


use of probability paper as an aid in design and quality control. 


Practical, simple methods applicable to any 
stage of construction that will forecast per- 
formance of finished products by tests to 
destruction on a few production samples. 


GRAHAM L. MOSES 
Manager, Insulation Development Section 


Transportation and Generator Division 
Westinghouse Electric Corporation 


only satisfactory method of determining dielectric 
strength, but the test renders the parts useless. 
Proof tests will establish that dielectric quality is above 
a given level but will not determine the actual quality. 
The only practical method of evaluating dielectric 


Trent satis coils or windings to destruction is the 


Distribution 
for 20 tests 


Frequency 


8 9 10 
Breakdown voltage , kv 


Fig. 2—Histograms give a general picture of perform- 

ance. Plotted here are the number of breakdown fail- 

ures in 1-kv ranges of test values, using data given in 

the text for a 20-sample test on sheet mica. Failures 

tend to cluster around a mean value between 8 and 9 
kv, and no failures occurred under 5 kv. 
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strength of insulation or windings is to test representa- 
tive samples to destruction, and then predict perform- 
ance by statistical analysis. 

Statistical evaluation and control will determine in- 
sulation characteristics of most electrical products before 
they are built. Properties that can be evaluated include 
dielectric strength, physical strength, thickness, insula- 
tion resistance and service life. By statistical analysis 
of test data, wasted time and materials resulting when 
finished products are found defective can be avoided; 
or performance can be forecast by tests to destruction on 
a few samples of materials and component parts. 

Recently, statistical analysis methods have been ap- 
plied to detailed studies of insulation life as well as 
several other insulation characteristics of a large number 
of motors of identical design. Using special probability 
charts and the methods briefly described in the box on 
page 110, the actual time to failure is shown by the 


Test value 


A=Average 
d- Standard deviation 
- / 


| 
50 90 99 
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Fig. 3—Cumulative per cent frequencies of occurrence 
for the same data as in Fig. 2, when plotted on proba- 
bility ordinates, fall on a straight line indicating nor- 
mal distribution. For a failure rate of 0.13 per cent 
(three times standard deviation below average value) 
maximum operating voltage is 2.66 kv. 
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Fig. 1—Service life from two groups of motors, identi- 
cal except for different processing methods, plotted on 
probability ordinates which convert the normal distri- 
bution curve into a straight line. Range of life can be 
interpreted from a few samples tested to destruction. 


solid line in Fig. 1. Since the data falls on a straight 
line on probability paper, insulation life follows the 
normal probability curve closely; and data on early 
failure experience can be interpreted in terms of average 
and ultimate life for the lot under test. From a similar 
test on motors of identical design but with different 
processing a shorter life expectancy was found (dashed 
line in Fig. 1) as indicated by the number of early 
failures. 

To show how statistical analysis can be applied, here 
is an actual case. The problem was to determine the 
acceptability of a lot of 0.006 in. thick sheet mica. 
Twenty samples, each consisting of three layers, were 
tested to breakdown under a rapid-rise a-c dielectric 
test procedure. The values recorded as the samples 
failed were: 


8.5 8.7 10.8 5.4 125 
79 8.7 10.8 7.4 9.6 
6.1 6.4 8.7 9.4 12.8 
5.8 7.4 8.5 12.4 9.4 


Table I—Sample Calculation of Test Data 
(For histogram, Fig. 2, and probability curve, Fig. 3) 
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The first step in the analysis was to clarify the fre- 
quency of occurrence. Since the tests were made in 
1000-volt steps, the interval classification of 1 kv was 
chosen so that, for example, all breakdowns occurring 
at 5 kv or more but at less than 6 kv were placed in the 
same classification. These intervals are listed in the 
first column of Table I. 

The second column shows the frequency of occurrence 
(number of samples failing) in each group. In the 
third column is listed the total number of cumulative 
occurrences of that group and the: preceding groups. 
In the fourth column, is the cumulative percentage of 
the total number of samples studied. In Fig. 2 the data 
from the first and second columns are plotted in a bar 
graph showing the frequency of distribution. Next, 
the cumulative frequencies of occurrences in per cent 
(fourth column) are plotted in Fig. 3 against voltage 
on probability paper. 

In the fifth column of Table I per cent frequencies 
of occurrence are cumulated to the midpoint of each 
successive group or class. Thus for each successive 
class, half of the percentage increment -occurring in that 
class is added to the total percentage of occurrences 
cumulated in all lower classes to give the cumulated 
percentage of occurrence at the midpoint of the par- 
ticular class. For example, 10 per cent of all break- 
downs occur in the 5.0-through 5.9-kv class while no 
breakdowns occur at any lower voltage. Cumulating 
the percentage of breakdowns from zero voltage to 5.5 
kv (the midpoint of this class) the total would be zero 
for all classes below 5 kv plus 5 per cent (% of the 
percentage frequency in the 5,0-through 5.9-kv class) 
giving a cumulative per cent frequency of 5 per cent to 


Table Il—Calculation of Standard Deviation 
from Data in Table I 
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Observed | Individual 
values deviations 
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What is Statistical Analysis? 


Statistical analysis is merely an or- 
derly method of arranging data in 
readily understandable form. It provides 
a means for clarifying a mass of ap- 
parently unrelated information to facili- 
tate its interpretation. It employs a spe- 
cial language with standardized sym- 
bols for recording and communicating 
ideas, and permits presenting complex 
situations in a few simple terms. 

Only two basic concepts are needed 
for understanding this method of pre- 
senting data: 

1. There is a tendency for data to 
cluster about a central point, usually 
the average of the individual values. 

2. Most individual values differ from 
the average by an amount termed 
“standard deviation.” 

A few simple terms are employed in 
applying statistical analysis: 

1. Mean or arithmetic average value. 

2. Standard deviation, a measure of 
the randomness or dispersion of the in- 
dividual values. It is the root mean 
square of the individual deviations from 


the average. In other words, individual 
deviations from the mean are squared; 
the squares are added and the sum is 
divided by the number of observations; 
then the square root of this mean square 
is extracted. The standard deviation is 
in the same units as the average. 

3. Coefficient of dispersion is the 
ratio of standard deviation to the mean 
value, expressed as a percentage. 

4. Range is the area lying between 
an upper limit and a lower limit, these 
limits being three times the standard 
Only 0.26 


per cent of all observations will lie out- 


deviation from the mean. 


side these limits, 0.13 per cent above 
and 0.13 per cent below. 

In the application of statistical meth- 
ods to mechanical or electrical proper- 
ties it is necessary to establish the 
variation that can be accepted, but it 
is good practice to consider that the 
maximum and minimum values encoun- 
tered will be within the range. 

Normal frequency distribution, illus- 
trated in Fig. A, shows the tendency of 





data to cluster about the mid point. 
In this form, however, data cannot be 
extrapolated and predictions are diffi- 
cult. If data from a normal distribution 
curve is plotted as cumulative number 
of values (in per cent of total number) 
against numerical values of the prop- 
erty being studied, it does not become 
a straight line, as shown in Fig. B for 
a typical test. To make this curve a 
straight line, “probability paper” with 
special values of ordinates are used as 
shown in Fig. C, where the same data 
used in Fig. B are plotted. 

If the test points fall on a straight 
line when plotted on probability ordi- 
nates, a normal distribution is indi- 
cated. Any deviations from a straight 
line will therefore call attention to ab- 
normal distribution. By plotting early 
data as soon as obtained, the general 
direction of the test can be observed 
promptly. For further facts regarding 
the use of probability paper see article 
“Simplifying Quality Control’ starting 
on page 112. 
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FIG. A 


be plotted against a breakdown value of 5.5 kv. Similar- 
ly in the 6.0 through 6.9-kv class, 10 per cent of failures 
have occurred below the 6.0-kv level which, added to 
half the additional 5 per cent occurring in the 6.0- 
through 6.9-kv class gives a midpoint value of 12.5 
per cent cumulative frequency to be plotted against 
6.5 kv, the midpoint of this class. 

From these data the standard deviation, coefficient of 
dispersion and range are obtained by calculation using 
the procedure shown in the box just above. The steps 
in this calculation are shown in Table II. 

Observed values are listed in the first column (in the 
order in which they were measured) and the average 
value of 8.81 obtained. In the second column, the dif- 
ference between the observed value and the average is 
listed for each test. The square of each deviation is 
placed in the third column, the average obtained, and 
the square root extracted, giving a value of 2.05 kv 
for the standard deviation. The coefficient of dispersion 
is found by dividing the standard deviation by the 
average, giving 23.3 per cent. The range is the average 
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value plus and minus three times the standard deviation, 
or 2.66 to 14.96 kv. This means that only 0.13 per cent 
of failures would occur at values under 2.66 kv or over 
14.96 kv. 

From these data it can be concluded that to avoid 
failure the material should not be operated at potentials 
higher than 2.66 kv because of its inherent variability. 

Contrast this analysis with the more common con- 
cept of range of observed values. The actual tests were 
in the range of 5.4 to 12.8 kv which might lead to the 
use of the material at conditions where it would be 
operated at 5 kv. This would have resulted in failures 
of 3 per cent as indicated by extrapolation of the data 
in Fig. 3. In many cases, this would be a prohibitive 
failure rate. 

In multiple-layer mica tape insulation, it is essential 
that both the average thickness and variation in thick- 
ness be controlled within reasonable limits. Otherwise, 
the number of layers for a given wall thickness may 
vary widely and result in variation of dielectric strength. 
Furthermore, oversize coils may result in damage to 
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Fig. 4—A case of statistical control at work in hold- 
ing daily average of mica tape thickness within control 
Introduction of statistical control methods im- 
mediately reduced the daily variations. 


limits. 


the winding. In the production of this type of insula- 
tion, daily average thickness was used as a guide in 
controlling processing. The first portion of the record 
in Fig. 4 shows typical variations encountered, while the 
last portion shows how control of the daily average was 
improved by introduction of statistical control methods. 
Fig. 5 shows the inherent variability of the daily aver- 
ages and the standard deviation on probability paper. 

It has long been recognized that insulation resistance 
varies over a wide range. Frequently, the conclusion is 
reached that insulation resistance has no significance 
because of this wide variation and dispersion of data. 
However, the analysis of approximately 1000 new a-c 
machines of 1000-hp rating and above and the analysis 
of approximately 1100 d-c machines in the range of 
1000 to 7000 hp indicates that there is real correlation 
of basic insulation resistivity when statistical analysis 
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Fig. 6—Histogram or bar graph of the volume resistiv- 
ity measured on a group of approximately 1000 new a-c 
machines, showing the grouping of values about a cen- 
tral point. Statistical analysis applied to such data 
makes it possible to accurately predict the normal range. 
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Fig. 5—When the values shown on Fig. 4 are plotted on 
probability paper, the points fall on a straight line from 
which long range performance can be predicted. The 
standard deviation also follows a normal distribution. 


methods are used. Fig. 6 shows the frequency distribu- 
tion of volume resistivity for a large group of a-c ma- 
chines, and Fig. 7 shows similar data for 700 identical 
d-c machines. These indicate a definite grouping of 
values about a central value of insulation resistivity, 
and made it possible to predict the normal insulation 
resistance of a given machine winding within reasonable 
limits by the use of statistical methods. 

One interesting example of the value of statistical 
analysis occurred during the war when an epidemic of 
turn insulation breakdowns occurred. This difficulty 
was traced to the presence of conducting copper particles 
embedded in the insulation on wire. Where a copper 
sliver bridged the insulation wall and two adjacent wires 
had the slivers in close proximity a short circuit resulted. 
However, the probability of such an occurrence was low 
and it was difficult to reproduce and detect. It was 
found that statistical analysis methods provided a much 
clearer picture of the significant differences in turn- 
insulation quality level. The average breakdowns were 
not nearly so significant as the deviation from the 
average especially those few breakdowns which oc- 
curred at abnormally low voltages. The,abnormality of 
the distribution was the key to the solution to the prob- 
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Fig. 7—For a group of 1100 d-c machines, resistivity 
follows a pattern similar to that of the a-c machines 
shown in Fig. 6. 
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Fig. 8—When an abnormality is present statistical anal- 

ysis on probability paper clearly shows it by a break in 

the curve, in this instance caused by copper slivers 
embedded in insulation on the wire. 


lem. A large number of samples were tested in coil 
form and the data analyzed by statistical methods as 
shown in Fig. 8. The upper curve shows the distribu- 
tion of breakdowns for high-quality wire and the lower 
curve shows the breakdown between wires whose insula- 
tion contained copper slivers. While there is a difference 
between averages there is a wide overlap in the general 


range of data. However, the coils containing slivers show 
a distinct break in the distribution curve indicating ab- 
normality of the distribution. 

In statistical analysis work on test data, the unit are, 
under test is usually identical. In general this unit are 
is determined for sheet material by the electrode size 
On coils, a coil side is normally considered a unit area, 
However, when a number of unit areas are tested in 
parallel, such as occurs when the complete winding oj 
a large machine is tested, it must be recognized that this 
has an effect on the probable breakdown voltage, 
Statistical evaluation of this condition has been reported 
by L. R. Hill, and P. C. Schmidt. (See references a 
end of article.) They offer a formula from which the 
probability of failure of a large number of units in 
parallel can be calculated when the probability of failure 
of a single unit area is known for a given test voltage, 
The proposed formula is: 


P.=1 (1—p)" 


where p=probability of failure of 1 unit area 
P.=probability of failure of m unit areas in 
parallel 


While the validity of this general relationship is 
recognized, a great deal of work still remains to be done 
in demonstrating this relationship on complete windings. 
This formula does not take into consideration possibility 
of insulation damage in winding as it presumes that the 
coil is in the same condition in the machine as when 
tested individually before being wound. However, the 
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Simplifying Quality Control 


How probability paper can be used for de- 

sign development and routine testing both 

to measure quality level and draw attention 

to variations in quality that need correction. 
F. H. WELLS 


Director of Research 
Aircraft-Marine Products Inc. 


HEN parts are produced by the hundreds or 
thousands, supposedly alike, it is well known 
that there are unavoidable variations. The 

science of statistical analysis has been developed to de- 
scribe the magnitude of these differences. Properly ap- 
plied, statistical analysis can predict the exact per cent 
of the product that will be a given amount different from 
the average. For a sufficiently large number of parts, 
the calculation of the expected variations is amazingly 
exact if certain parameters can be determined from a 
representative sample. By ordinary methods, the cal- 
culation of these is laborious, but there is one mechanical 
aid, probability paper, which can be helpful in many types 
of quality control. 

Qualities to be controlled are different in most prod- 
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ucts. Sometimes it is only a dimension, as in the case 0 
a ground shaft. It may be the life of a lamp, or the 
strength of a nut, where the test destroys the piece tested 
It may be the weight of a cigarette or the pull-out 
strength of a wire terminal. 

When the test is destructive, it must necessarily be 
confined to a small per cent of the product; but even 
when not destructive economic considerations usually 
limit testing to sample lots. Statistical analysis is applic 
able to any case where the desired qualities can be de 
fined according to some scale of measurement. 

Sasically, the problem is to know whether the varia 
tions represent what the statistician would call a normal 
distribution. If the production came from five machines, 
one of which was defective, the distribution would not be 
that due to pure chance—would not be normal. The 
designer, particularly when designing for strength, life, 
deflection under load, etc., may have to predict from 
perhaps 100 handmade samples whether his design #8 
adequate under mass production conditions. Each of 
these problems yields to statistical analysis. 

For example, in the design of nuts for aircraft usé, 
the weight (determined by length of thread engage 
ment) had to be held to a minimum but a minimum load 
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Fig. 1—As an example of the ready use of probability 
paper, pull-out strength of this type of insulated pin 
terminal is plotted in Fig. 2 for two different lots. 


to strip threads was also specified. Normal procedure 
was to pull test 100 handmade samples. If these all 
passed, the design was put in production, but in some 
cases large lots were later rejected because of excessive 
failure. By means of this simple analysis using probabil- 
ity paper, it was possible to predict from the 100 hand- 
made nuts the percentage that would fall below specifica- 
tions in actual production. Then, if necessary to keep 
the number of failures within the permissible percentage, 
another half thread could be added. 

To aid in making use of statistical analysis, there is 
now a type of graph paper known as Arithmetic Prob- 
ability Paper.* The abscissa, at the bottom of the sheet 
is suitably divided to represent the cumulative per cent 
for a mathematicsally exact normal probability distribu- 
tion. The top of the sheet has the same scale in reverse. 

Probability paper can be used effectively without spe- 
cial instruction in the new language of statistics. In fact, 
the curves can be drawn by any one with only a few min- 
utes of instruction, and the time of a technically trained 
man is needed only for interpretation. 

Probability paper has the property that a curve which 
statistical theory calls the normal probability curve will 
be a straight line on that special paper. If the results of 
a relatively small number of observations are plotted, a 
straight line passing through these points gives a reason- 
able idea of what results would be expected from a very 
large number of tests. If the points do not fall on a 
straight line, as for example when a smooth curve or 
intersecting lines would be a better fit for the points, it is 
a sign that some agency other than pure chance is oper- 
ating. In that case no predictions are advisable, and an 
investigation into the cause of the abnormal conditions is 
immediately called for. 

To demonstrate the use of the paper, Table I shows 
the number of pounds required to pull a terminal from a 
wire lead on 25 samples taken at the start of the run on 
an automatic machine which was applying 2500 termi- 
nals per hr. Fig. 1 shows the actual lead. From these 
readings a tabulation is made as shown in the first col- 
umn of table I. This tabulation is then expressed in the 
last column as the cumulative per cent of the total of 
readings equal to or less than the number of pounds in 


* No. 3127, Codex Book Co., Norwood, Mass. 
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Table I—Data and Computations for 
Probability Paper 


(Tests on 25 terminals shown in Fig. 1) 


Test data Cumulative total 
Lbs. No. No. Per cent 
37 1 1 4 


39 2 3 12 
40 2 5 2 

4 1 | 6 24 
42 1 | 7 28 
43 4 | 1 44 
44 3 M4 56 
45 2 16 64 
16 1 7 68 
47 2 | 19 76 
48 4 23 92 
49 24 96 
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Fig. 2—For lot A, test points fell closely on a straight 

line, indicating a normal distribution justifying projec- 

tion of the line. From the projected line, no more than 

0.1 per cent of the terminals would fail to support 31.6 

lb. In Lot B, where the machine setting was changed 

during a run, the curve shows clearly that a normal 
distribution does not exist. 


the left hand column. The scale of pounds is used as the 
ordinate of the probability paper and the percentages are 
used as abscissa, after which the best average straight 
line is drawn, curve A in Fig. 2. 

From this line, the prediction can be immediately 
made that no more than 0.1 per cent of the leads will 
have a pull off value under 31.6 lb. Since the machine 
setting is somewhat critical, the proper way to check the 
machine for die wear or adjustment would be to period- 
ically test 25 or 50 samples and draw such a curve. 

During the process of designing the particular die 
used for these terminals, one test gave results plotted in 
curve B in Fig. 2. The inability to draw a single 
straight line was an immediate signal that the distribu- 
tion was not normal. A check showed that the operator 

(Continued on page 198) 
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brass and bronze 


for Electrical Springs 


EQUIREMENTS for springs in electrically op- 
erated machines, appliances and equipment often 
place special demands on the selection of the 

lowest cost material, particularly when the spring must 
carry current. But cooperating service conditions such 
as corrosion resistance and ability to maintain desired 
spring performance in service may be equally important 
factors for springs that are not a part of the electrical 
circuit. 

Of the available standard copper-base alloys that com- 
bine the properties needed for such springs, one of four 
types usually will meet operating and service require- 
ments with lowest total cost. These four alloys, listed 
in order of relative cost are*: 


Cartridge brass, (70-30) 
High silicon bronze, (A) 
Phosphor bronze, 5% (A) 
Phosphor bronze, 8% (C) 
Cartridge brass has through the years been identified 


* Designations used are in accordance with standard nomenclature 
adopted by Copper & Brass Research Association. For composition see 
specifications listed in Table I. 


To carry current for heating elements in electric ranges, 

the four contact blades in the Hart range switch require 

the high electrical conductivity, yield strength and heat 
resistance of phosphor bronze 5%. 


ARTHUR I. HEIM 


Engineer 
Copper & Brass Research Association 


by several different names : spinning brass, extra quality 
brass, 70-30 brass and spring brass, but the standard 
nomenclature today for this 70 per cent copper, 30 per 
cent zinc alloy is cartridge brass. 

Silicon bronze as identified here is a family of alloys 
that is technically neither brass nor bronze, but contains 
principally copper and silicon. The composition most 
often used for springs is high silicon bronze (A). The 
term phosphor bronze likewise applies to a family of 
copper alloys containing from 1% to 10 per cent tin. 
Most spring applications, however, are met by two com- 
positions, one with 5 per cent tin, (A) and one with 8 
per cent tin, (C). 

Each of these materials is supplied in strip, flat wire 
or round wire and in a variety of tempers, but most | 
electrical springs use slit strip in hard rolled or spring 
temper. Standard specifications listed in Table I for 
sach of these alloys give composition limits, physical 
properties, tolerances and sizes for guidance in design. 

Physical properties for these four types of materials 
are in general similar, as shown in Table II. Specific 
gravity or density varies too little to become a factor, 


Resistance to atmospheric corrosion and high yield 

strength of phosphor bronze 8%, combined with con- 

servative design stresses, assure freedom from failure 
in the contact blade for this Ward Leonard relay. 
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One of the four types of copper base alloys 
described here will usually provide the lowest 
cost combination of corrosion resistance, con- 
ductivity and strength needed for springs in 
electrically operated products. 


and thermal expansion and specific heat are about the 
same for all four. Elastic modulus for all these mate- 
rials is so nearly the same value that they can be sub- 
stituted for each other without affecting spring deflec- 
tion enough to require a change in design. However, 
electrical and thermal conductivity do vary over a range 
of more than four to one. 

For springs that carry current the difference in con- 
ductivity might well become a controlling factor. Note 
that cartridge brass has the highest conductivity and 
high silicon bronze the lowest, and that phosphor bronze, 
5% has 40 per cent higher conductivity than phosphor 
bronze, 8%. 

Cost, of course, is the factor against which all relative 
properties are weighed ; the lowest cost spring that will 
adequately serve the purpose is the one selected ‘for 
any application. Other factors than material cost or 
the price per pound of the purchased strip must also 
be considered, including cost of fabrication and assem- 
bly which may not necessarily be the same for alternate 
materials suitable for the part. 

Tensile strength is often used as an index for compar- 
ing structural materials but may seriously mislead in 
the selection of a spring material. In most spring ap- 
plications failure of the spring as a functional unit will 
occur when the material is stressed beyond its yield 
strength and the spring accordingly takes a set. When 
service conditions do not involve rapidly repeated load- 
ing or the possibility of fatigue failure, the yield strength 
is a better basis on which to compare materials. 

When repeated loading is a factor, stresses much 
lower than otherwise safe must be used to avoid failure. 
Many other elements enter into this problem, including 
the possibility of shock loads, vibration at natural fre- 
quency and varying conditions of mounting. 

For the four alloys under consideration, approximate 





Table [—Applicable Standard Specifications 


} 


Material | ASTM SAE 


Federal 


B36-48T 70 QQ-B-6lla 
B103-47 77A QQ-B-746a 
B103-47  77C 
B97-47 


Cartridge brass, (70-30) 
High silicon bronze, (A) 
Phosphor bronze, 5% (A) 


Phosphor bronze, 8% (C) QQ-C-59la 





APRIL 1949 















Of the 423 parts in this Western Electric combined 
telephone handset, phosphor bronze is used for 
springs in the handset switch, ringer, impulse wheel 
and governor assembly; cartridge brass springs, silver 
plated, form terminals in both receiver and transmitter. 


relative cost (spring strip) and yield strength are: 


Approximate Yield strength 
relative cost psi 
Cartridge brass, 70-30 1.0 65,000 
High silicon bronze, A 14 62,000 
Phosphor bronze, 5% 1.8 80,000 
Phosphor bronze, 8% 1.9 85,000 (approx.) 


Where space and service requirements permit design- 
ing for somewhat lower stresses, cartridge brass and 
high silicon bronze may be used with some potential 
cost saving over either of the two grades of phosphor 
bronze. Such a course to be successful requires full 
knowledge of all important service conditions, includ- 
ing maximum temperature, possibility of abuse, corro- 
sion, and damage that might result from spring failure. 

High silicon bronze offers some advantages over 
cartridge brass in most of these respects. It will safely 
withstand a higher service temperature without reduc- 
tion in yield strength and it is not so readily affected 
by some types of stress corrosion to which cartridge 
brass is susceptible. Its low conductivity is a factor 
limiting its use where the spring must also carry current. 

The cost of unexpected early failure due to accidental 
overstress, abuse, corrosion, or more severe service than 
planned may run into expense far beyond the saving 
planned in selecting a lower cost material. Blindly 
adopting maximum recommended working stresses for 
a spring design without full consideration of all the 
qualifications applying for this stress figure may like- 
wise lead to added costs instead of expected cost saving. 
Needless use of a higher priced material is not advocated, 
but where service conditions cannot be accurately known 
or controlled, a higher cost material may offer a lower 
cost answer. 

This is particularly true when corrosion is a factor. 
One of the important advantages of these four copper- 
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Table Il—Physical Properties 


Cartridge High Phosphor Phosphor 
Property Brass Silicon Bronze Bronze 


(70-30) Bronze (A) 5% (A) 8% (C) 


Melting point 
(solidus) 1680 1780 1750 


Density, lb/cu ft, 
68 F 0.308 0.308 0.320 


Specific gravity 8.53 8.53 8.86 


Thermal expansion 
per deg F, 
68-572 F x 10° 


Thermal conductivity 70 
Btu/sq ft/ft/hr/ 
deg F, 68 F 


Electrical resistivity 
ohms/mil ft, 68 F 


(annealed) 


Electrical 

conductivity 28 
% of copper, 68 F 
(annealed) 

Specific heat 0.09 

Btu/lb/deg F, 68 F 


Modulus of elasticity 16 
psi x 10° 


base alloys is their corrosion resistance as compared 
with steel which might otherwise be used for its strength 


and low cost. But each of these alloys has its limitations 
under certain corrosive conditions. Cartridge brass, for 
example, is susceptible to stress-corrosion attack or 
“season cracking” under exposure to ammonia, or some- 
times even to outdoor atmosphere. 

High silicon bronze withstands such corrosion con- 
ditions better than cartridge brass, but both grades of 
phosphor bronze show still better resistance, particularly 
when stress relieved after forming. Such stress relief, 
consisting of heating for 15 min to 1 hr at a temperature 
of 550 to 600 F, also increases the elastic limit a mod- 
erate amount to provide a little more margin of safety. 


Mossman key switch uses spring temper phosphor bronze, 
5% for accurately formed, stable contact blade springs. 
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In many springs function is improved, assembly costs 
reduced or other parts may be eliminated by combining 
some structural function with the spring function. Often 
this requires some bending, drawing or forming, and sets 
up ductility requirements for successful fabrication. In 
this respect high silicon bronze offers the advantage of 
a little more ductility in the extra hard and spring tem- 
pers. Phosphor bronze, 8% in the hardest temper has 
definite limitations in the amount of forming that can 
be performed on it. Where this factor is important, some 
sacrifice in allowable working stress through the use of 
one of the lower strength alloys or through selection of 
a less hard temper is usually necessary. 

Available data on endurance strength for all four alloys 
in spring temper indicates that they are about equal. 
Maximum safe stresses based on endurance strength are 
well below the stresses that spring steel and age-harden- 
ing copper alloys such as beryllium copper can handle. 
Endurance advantages of steel, however, are lost when 
possibility of rust or corrosion are present, and the 
higher cost of age-hardening copper alloys must be 
weighed against the possibility of designing brass or 
bronze springs for lower stresses when space restrictions 
are not limiting factors. 

Applications for these four copper-base alloys cover 
the entire range of electrically operated equipment, ap- 
pliances and machines. In communication, cartridge 
brass is used for stationary or fixed deflection contact 
springs to make permanent electrical connections be- 
tween assemblies and thus simplify assembly operations. 
In relays for communication equipment, higher strength 
phosphor bronze contact blades, properly designed, will 
maintain initially adjusted contact spacing without 
change for repeated cycles of operation. In power relays 
and motor control devices, the desired combination of 
electrical conductivity and strength is provided by phos- 
phor bronze, 5% in many applications. 

In light duty switches, receptacles and connectors 
where current is small in relation to the cross section 
required mechanically, cartridge brass and high silicon 
bronze provide desired strength with minimum cost. 
Devices designed for heavier current, for industrial serv- 
ice where failure must be avoided, or where space or 
weight restrictions are imposed usually call for the 


Rotating contact springs for stepping relays require a 
material with high yield strength and good conductivity. 
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Table 11I—Mechanical Properties of Hard Rolled Strip __ ears . 
Tensile Yield Elonga- Rockwell Endurance 















Material Temper strength strength tion hardness strength 
psi psi(1) per cent B 30T psi(2) 













Cartridge brass Hard 76,000 63,000 82 73 21,000 
(70-30) Ex. Hard 86,000 65,000 88 76 
Spring 94,000 65,000 oT Te 23,000 
Ex. Spring 99,000 65,000 93 78 






> Ao wwe 


High silicon bronze Hard 94,000 58,000 93 78 
(A) Ex. Hard 104,000 60,000 96 80 
Spring 110,000 62,000 97 «81 







Phosphor bronze Hard 81,000 75,000 10 Si 0673 25,000 
5% (A) Ex. Hard 92,000 80,000 6 93 78 
Spring 100,000 80,000 4 95 79 22,000 
Ex. Spring 107,000 80,000 3 97 80 








Phosphor bronze Hard 93,000 72,000 10 93 «78 22,000 
8% (C) Ex. Hard 106,000 80,000 4 96 §680 
Spring 112,000 3 9 «8i 
Ex. Spring 120,000 2 100 = 82 

(1) Yield strength given is for % per cent extension under load. (2) Endurance strength is for 100 million cycles. Where values are not 





shown, comparable data has not yet been established. 




















higher strength phosphor bronzes. Appliance switches, steel, but supplied by the two phosphor bronze alloys. 
brush springs for small motors, contact blades in timing Business machines which must operate with minimum 
switches, pushbutton controls and limit switches usually maintenance employ brass or bronze for corrosion resist- 
require conductivity and corrosion resistance lacking in (Continued on page 204) 





Honored by Institute of Radio Engineers 


T THE 37th annual meeting held in New York early in 
A March, IRE elected Stuart L. Bailey to head the organi- 
zation for the coming year. Active in IRE affairs since 1928, 
Mr. Bailey served on the Board of Directors since 1943, as a 
member of the Executive Committee since 1945 and Treasurer 
in 1948. Mr. Bailey has been active in the development of fre- 
quency modulation broadcasting since 1938. 

Recipient of the IRE 1949 Medal of Honor presented at the 
Anniversary Banquet on March 9 was Ralph Bown, Director 
of Research at the Bell Telephone Laboratories, for his “ex- 
tensive contributions to the field of radio and for his leadership 
in Institute affairs.” 

The Morris Liebman memorial prize for 1949 went to Dr. 
C. E. Shannon, also of Bell Telephone Laboratories, for his 
“original and important contributions to the theory of the 
transmission of information in the presence of noise.” 





A paper “Frequency Stabilization of Microwave Oscillators” 
Stucrt L. Bai'ey won for R. V. Pound of Harvard University, the Browder J. 
Elected President of IRE Thompson Memorial Prize for 1949. ooo 










Claude E. Shannon 
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A=C€C Modulated Phototube 


400 cycle field applied to photocell permits 
use of high-gain a-c amplification free from 
drift and stable in calibration. 


HOTOTUBES and photocells have long been used 

for measuring light intensity, but a common limita- 
tion of these methods is that relatively large light-sensi- 
tive areas are necessary, particularly at low levels of 
intensity. Smaller areas might be used with amplifica- 
tion but electronic amplifiers needed for such small d-c 
currents tend to be unstable and drift, requiring con- 
tinuous recalibration. Measurements at low levels of 
light intensity intensify the need for some form of 
amplification. These are common problems in illumina- 
tion studies as well as in photography, color matching 
and chemical controls. 

Several methods have been used to adapt a-c amplifica- 
tion to photoelectric currents. The light source itself 
may be modulated to produce a pulsating d-c output. 
Mechanical interrupters or choppers may be introduced 
in the light beam but require additional mechanical 
parts. Electronic methods using the superheterodyne 
principle are subject to errors introduced by leakage 
currents which are amplified along with the modulated 
current. 

In the meter, Fig. 1, made by W. M. Welch Scientific 


Co., Chicago Ill., photoelectric currents are modulated 
by applying a magnetic flux across the phototube. The 
method used, shown in Fig. 2, requires no moving parts. 
The field when applied has the effect of substantially 
reducing the electron flow until the field is removed, 
and the field strength required to properly modulate the 
d-c current is low enough that no stray voltages are in- 
duced on the electrodes. Leakage currents across the 
socket connections are not affected by the magnetic 
field and therefore are not modulated. 

In the Densichron instrument, the phototube with its 
field coils and a triode amplifier are mounted within 
the probe and connected to the amplifier by a cable. A 
400-cycle modulating field is supplied by an oscillator 
circuit as shown in Fig. 3. Amplifier is peaked at 400 
cycles to decrease the effect of 60-cycle stray fields, and 
output is read on an a-c voltmeter. Sensitivity controls 
on the amplifier provide four decades with an overall 
range of 10,000 to 1, giving light intensities for full 
scale meter deflection from 0.005 to 5 foot candles. 
Maximum sensitivity is 10 micro lumen. 

This method of magnetic modulation’ should also 
have applications in ionization gages and radiation 
measuring instruments as well as to color and light 
measuring equipment. 


1“A New Radiatron Meter’ by H. P. Kalmus and G. O. Striker, 
Review of Scientific Instruments, Vol. 19 No. 2. 


0-3 v a-c 
1000 ohms 
per vo/t 


Fig. 2—Low inten- 
sity 400 cycle field 
externally applied 
has effect of inter- 
rupting the d-c pho- 
tocell output. 


Fig. 3—Amplifier tuned to 400 
6X6 cycles gives high gain, stability 


200 cycle 
oscillator 


and freedom from leakage currents 
and warm up effects. 
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Fig. 1—Densichron light intensity meter using an a-c 
modulated phototube gives full scale indication for light 
levels as low as 0.005 foot candles. 


Plasties Model 


Precision-fabricated acrylic stock used for 
motor-driven small scale model of drill press. 
Tiny motor is flashlight-battery powered. 


NTERESTING example of precision plastics model- 

making* was shown at the annual meeting of the 
Society of Plastics Engineers in Philadelphia in the 
form of a motor-driven working scale model of a Buffalo 
No. 15 bench-type drill press. Scale, 3 in. = 1 ft. Height 
is somewhat under 10 in. 

Made by hand by John Dumas, director of model 
making for Inland Plastics of America, New York City, 
from black acrylic (DuPont’s lucite) the model drill 
press has 97 component parts. It is a good illustration 
of the close tolerances attainable in the fabrication and 
machining of acrylic plastics. The spindle was machined 
to 0.171 in. +0.0005/—0.0000, and has six splines which 
were milled to a depth of 0.037 in. Teeth in the rack 
were spaced 0.047 in. between centers and the splines 
on the pinion gear were necessarily milled to a precision 
fitting to insure smooth meshing. Table is completely 
adjustable with knurled handles threaded at one end to 
guarantee locking of table in position. A similar handle 
is also used in the same capacity on the head. Base of 
the model is equipped with a threaded bolt and nut, 
which permit locking of base to the column. The two 
“T” slots also required a milling operation. 


_* See “Plastics Models Can Help Product Development Work,” Alex. 
E. Javitz, p. 112, February 1949 EvLecrricaL MANUFACTURING. 
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NEW DEVELOPMENTS, IDEAS, AND 
INFORMATION SELECTED AND 


INTERPRETED FOR THE DESIGNER 
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A-C Modulated Phototube 
Plastics Model of Drill Press 
Automatic Loading of Gear Finishers 
High Density Gyro Rotor 
Ductile Cast Iron 
Carbides Cut Lamination Costs 
Subminiaturization Defined 
Molded Plastics Television Cabinet 
High Frequency Power Supply 
Magnetic Strain Gage 
New Electrical Resistance Alloy 


Photoelectric Gas Analyzer 


Also other new ideas and 
developments of interest. 





of Drill Press 


Model is driven by a “Supermite’” miniature motor 
made by Black Industries, Cleveland, which utilizes two 
114-volt No. 6 batteries, wired in series. This is a 
permanent-magnet motor, weighing less than 2 0z, with 
overall dimensions 1 x 134 x 1% in. high, and capable 


of operating on 1%-volt to 6-volt dry cell batteries. 


Motor develops approximately 6000 rpm without load. 
oOoog 


/ 14 


Torque is 1% oz at a %-in. radius. 


Fig. 2—Tiny 11%-volt per- 
manent-magnet motor for 
working models and toys. 
Typical use is in the scale 
model of drill press. 





Fig. 1—Hand-made motor-driven black-acrylic working 
scale model of a Buffalo No. 15 bench-type drill press. 
Model stands less than 10 in. in height. 
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Automatic Loading of Gear Finisher 


Solenoid valves govern air cylinders, which 
feed work to cutter and insert arbor; limit 
switches and timers tie in automatic cycle. 


H. PELPHREY 


Research Engineer, Michigan Tool Company 


OST automotive automatic transmissions employ 

nine or more small gears in planetary trains, and 

overdrives require three or four. Millions of these small 

gears are required for this type of application, and they 
must be made accurately and economically. 

For more than a decade, the crossed-axis shaving 
process has proved to be the most economical method of 
finishing accurate gears. These gears first are precut by 
hobbing and about 0.001 in. stock is left for shaving 
from each tooth side. Generally, the holes of such gears 
are broached accurately without much attention being 
given to the end faces until after hardening. Hence, for 
hobbing or shaving the gear teeth, it is necessary to press 
a work holding arbor into the hole. 

With so many parts to process, methods for automat- 
ically loading and unloading a universal rotary shaving 
machine of the underpass type were developed. 

In the standard machine, the gear is engaged manually 
with the cutter-teeth and a work-holding arbor is pressed 
into the gear hole to support it while shaving. The arbor 
is rotatably mounted on anti-friction bearings and is 


Fig. 2—Air cylinder mounted on tailstock of rotary gear 
shaving machine presses arbor into small gear. Limit 
switches 4 and 5 are mounted at right of cylinder. Safety 
gaging device is shown at top of feed chute. 
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Fig. 1—Cross-section of air-actuated loading device for 
automatically feeding small automotive transmission 
pinions one at a time to the work position. 


hand operated from the tailstock assembly. Gear is 
pressed against an anti-friction headstock while the 
arbor is located on a cone center in the headstock. Shav- 
ing operation is performed with cutter rotating in mesh 
with the gear while a work slide moves the gear across 
the cutter in a forward direction. At end of travel, a 
limit switch reverses cutter and work slide motors and 
work slide is returned to starting position. Gear is then 
stripped from arbor. 

In making these operations fully automatic, first con- 


Fig. 3—On electric control panel, solenoid-operated pilot 
valves are at top rear, with hand pilot air valves in front. 
Coolant pump starter is at lower left; reversing cutter and 
work slide motor starter are at the right. 
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Symbol Device Symbol Device 
Cc —Coolant motor con- CS—Centrifugal plugging 
tactor switch 


F & R—Forward and reserve | 
contactors, cutter | 
and work slide mo- — - 


W —Signal light 











tors | Limit Switches Location 
CR1 —Control relay a ————_—— 
CR2 —Interlocking relay LS-1 Work slide 


TRL —Pneumatic timer LS-2 Work slide 
relay LS-4 Tailstock cylinder 
TR2 —Pneumatic timer LS-5 Tailstock cylinder 
relay 
TR3 —Pneumatic timer 
relay 


SOLENOID VALVES 


Symbol Cylinder Function 


SVAL Loader Lower gear from chute 
SVAR Loader Eject gear from cutter 
SVBC Tailstock Press arbor in gear 





SVBU Tailstock Withdraw arbor 





How the Circuit Works 


Pressing the two start buttons sets up the automatic holding 
circuit on coolant motor starter contactor C; F coil is energized 
through contact C, LS-5, closed contact CRI, LS-1 and closed 
contact R. 

After work slide travels a set distance, LS-] is actuated, de- 
energizing F and energizing R, reversing both cutter and work 
slide motors. Also at this point CRI is energized, dropping the 
closed contact out for F and R coils, but maintaining R by closing 
of normally open R contact at C13. 

When LS-] is again actuated, coil R is de-energized and both 
motors are plugged to a stop through F and plugging switch CS 


sideration was the problem of engaging the gear with the 
cutter. Several temporary loading chutes were con- 
structed that permitted a gear to roll and drop onto the 
cutter. To insure engagement every time, it was soon 
learned that the cutter had to be rotated slightly. It was 
also found that coolant pressure could not always be de- 
pended upon to force gear from cutter upon completion 
of cutting; rotating the cutter in the forward direction 
is more reliable. However, it is necessary to stop the 
cutter before withdrawing the arbor from the gear. All 
these factors complicate the machine cycle. 

As seen in Fig. 1, a metering device was worked out 
to let only one gear at a time fall onto the cutter. To 
hold the gear in location while engaging the cutter teeth 
and until the arbor is inserted, a lever is linked to the 
metering device. Operation is by an air cylinder. An 
air cylinder is also used to press in and to withdraw the 
work arbor, Fig. 2. Air power was selected for these 
mechanical functions since it could readily be tied into 
the machine cycle electrically. Oil power could have 
been used but it involves additional components such as 
a motor-driven pump. Four solenoid-operated air pilot 
valves, in conjunction with two shifting air valves, are 
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CUTTER WORK SLIDE COOLANT 
DRIVE MOTOR MOTOR MOTOR 





Fig. 4—Simplified wiring diagram of control circuit. 


while CR1 is still energized. Back contact of CS energizes SVBU, 
withdrawing tailstock. At end of travel of tailstock air cylinder 
LS-5 opens, LS-4 is engaged and CRI is de-energized. Timer TR] 
governs the jogging time, 7R3 times the interval for dropping the 
next gear from chute so that the finished one can first be removed, 
while TR2 times the delay before the arbor enters the hole of the 
next gear. The cycle then is repeated. 


used to operate the air cylinders from the electric control 
panel. The four pilot valves are housed within the elec- 
tric cycle control compartment, Fig. 3, while the main 
shifting valves they control are inside the machine col- 
umn. Large air outlet buttons are provided for manual 
control of the pilot valves, during machine set-up. 

As regards overall operation, the gears to be shaved 
are loaded into the feed chute by being passed through a 
pair of idler gaging gears (see Fig. 2). If the gears are 
too large or are off helix angle, they will not be passed, 
thereby protecting the cutter from breakage. Cycling of 
the machine is continuous after the start button has been 
depressed until the stop button is pressed or power inter- 
rupted. Cutter jogs forward to insure engagement of 
the teeth ; arbor is pressed into the hole of the gear ; cut- 
ter motor and work slide motor run in the forward direc- 
tion until dog on work slide engages a limit switch LS-1 ; 
the two motors reverse and run until a second dog actu- 
ates the same limit switch at original starting position ; 
motors are plugged to stop; work arbor is withdrawn 
by large air cyclinder and cutter is jogged to throw gear 
into unloading chute. While still turning, another gear 
is dropped into place by action of the smaller air cylin- 
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der so the teeth will align. Work arbor is inserted by 
large air cylinder and cycling repeats. Detailed function- 
ing of the control panel is described in the long caption 
of Fig. 4. 

Changing from one piece to another takes less than 
2 sec. Production of these small gears is over 350 per 
hr, and all that is required of an operator is to keep the 
top chute filled and remove the finished parts from the 
pan at the lower chute. 

Fig. 4 is a simplified wiring diagram of the control 
panel. The various control components are tabulated. 
All motor starters are NEMA No. 1 size and are rated 
higher than the entire load, so the safety limit switch 
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LS-2 is placed to interrupt the coolant motor starter C, 
which is also used to maintain the cycle. The reason for 
this arrangement is that this starter is used less fre- 
quently than the reversing starter (F and R) which con- 
trols cutter and work slide motors. Hence there is less 
danger of an accident due to sticking contacts. Reversal 
is effected through a centrifugal plugging switch CS. 
Timing relays TR1, T7R2 and TR3 are pneumatic types 
and time after energization. They serve to control jog- 
ging of cutter and withdrawal and insertion of work 
arbor from one gear to the next. The tailstock air 
cylinder actuates limit switch 4 and 5, which are spring 
loaded. Dogs on the work slide operate limit switch J. 

Ea 


High Density Gyro Rotor 


Heavy tungsten alloy for gyroscope rotor re- 


duces size and weight of a vertical gyro 
control instrument for aircraft. 


HEN the rotor of a gyroscope is spinning at high 

speeds and supported in suitable gimbal rings, 
its axis of rotation tends to remain in a fixed position 
in space. The gyro actually resists any force which at- 
tempts to change the direction of its axis. This char- 
acteristic is called gyroscopic inertia or rigidity, and it 
is directly affected by the mass of the rotor and the dis- 
tance from the axis of rotation at which the mass is 


concentrated. The greater the mass or radius of rota- 
tion, the greater the gyroscopic inertia. 

An additional problem involved in the design of a 
gyro rotor is the selection of a material capable of 
standing up under the stresses imposed by the high 
operating speed of the gyro required to obtain desired 
inertia. The material has to have sufficient strength to 
prevent failure of the rotor when turning at a speed of 
approximately 20,000 rpm for the vertical gyro control 
shown here, built by Eclipse- Pioneer Division of Bendix. 

A high density tungsten alloy—Mallory 1000 F—was 
used for the rotor shown at # in the illustration. This 


High density tung- 
sten alloy, Mallory 
1000 F, for the rotor 
and lamination as- 
sembly shown at 4 
reduced size and 
weight of the Bendix 
vertical gyro control. 


Trim knob 
Gyro rotor shaft 


Gyro stator 
assembly 


Gyro rotor and 
laminations 


Yoke bearing 
retainer 


Contact assembly 
8 Caging arm 
and shaft 


10 Bracket and 
main frame 


Main terminal 
block 


12 Counterweight 
13 Gimbal 
14 Ball track 


15, 16 Magnet and 
drag cup 

17, 18 Bezel and 
glass 
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Wood Screws + Machine Screws + Self-tapping Screws + 


American Screw Co. F SOURCE 
Camear Products Co. —eeE - 


Central Screw Co. 
Continental Serew Go. Nationat Screw & Mfg. Co. 
Corbin Screw Div. of * New England Screw Co. 
American Hdwe. Corp. Parker-Kalon Corporati 
Eico Toot & Screw Corp. vata pons — 
The H. M. Marper Co, Pawtucket Screw Co. 
Lamson & Sessions Co. Pheoll Manufacturing Co. 
Milford Rivet and Maelfine Co, Reading Serew Co. 


National Lock Co. Rockford Screw Products Co. 
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Cross Recessed Head Screw 


Because Phillips, and only Phillips 
Recessed Head Screws meet all five 
requirements, they are your logical 
choice for practical production drivi ing. Spec- 
ify Phillips and gain all the advantages that 
standard Cross Rec essed Head Screws can 
contribute to your product’s manufacture. 


~ Everyone in Industry responsible for screw 


a selection should have this Fact-Full Booklet. 


It lets you in on the important facts you 
can’t afford to overlook when you choose 
cross recessed head screws. It’s FREE. Use 
a the coupon . . . send it today. 


ape 


Russell Burdsall & Ward 

Bolt & Nut Co. 
Scovill Manufacturing Co. 
Seaboard Screw Corp. 
Shakeproof tne. 
The Southington Hardware Mfg. Ce. 
The Steel Company of Canada, Ltd. 
Sterting Bolt Co, 
Stronghold Screw Products, tne, 
Wales-Beech Corp. 
Wolverine Bolt Company 
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alloy made it possible to reduce the diameter of the 
rotor required to obtain the desired gyroscopic rigidity. 
If a lighter material had been used it would have been 
necessary to concentrate the mass at a greater distance 


Ductile 


Addition of small amounts of magnesium 
puts graphite in spheroidal form, increas- 
ing both the tensile strength and ductility. 


EW material described as ductile cast iron which 

combines the process advantages of gray cast iron 
—such as fluidity, castability and machinability—with 
the product advantages of cast steel, has been developed 
in the Research Laboratories of the Development and 
Research Division of the International Nickel Company. 
F illing the gap between cast iron and cast steel, this mate- 
rial is characterized by a graphite structure in the form 
of spheroids, free from graphite in the flake form. Its 
good physical properties, particularly its high elastic 
modulus, high yield strength and ductility, suggest use 
for many applications considered beyond the scope of 
ordinary cast iron. 

Production of this iron can be applied to common 
cast-iron compositions melted in the cupola or in other 
kinds of furnaces, and is based on the introduction into 
the iron of a small amount of magnesium or a mag- 
nesium-containing addition agent, such as nickel-magne- 
sium alloy. The magnesium addition, when effectively 
incorporated in molten iron causes the graphite to form 


New Eleetrieal 


For precision resistors, combines high re- 
sistance and low temperature coefficient. 


NUSUALLY high resistivity, and unchanging re- 

sistance values over wide ranges of temperature, 
are properties that make a new alloy developed by Driver- 
Harris Company of Harrison, N. J. especially suitable 
for high accuracy wire-wound resistors. In comparison 
with the copper-base alloys now widely used for such 
resistors, the specific resistance of the new alloy is 800 
ohms per cir mil ft, 2.7 times that of either Manganin 
or Advance. This high resistivity makes possible a sub- 
stantial reduction in size of high value wire wound resis- 
tors ; where mechanical strength sets a limiting minimum 
size, it is possible to use a larger diameter of wire for 
the same resistance value. 

Temperature coefficient of resistivity of the new alloy 
remains constant over a wide range, the resistance 
changing less than +0.20 per cent for a temperature 
range of —50 to +200 C, as shown in the accompanying 
curve, It is especially adapted for precision resistors 
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from the axis of rotation to obtain the same rigidity, 
This in turn would have necessitated a larger instru- 
ment housing with resultant increase in weight and in-) 
stallation space requirements. oaoa 


Cast Iron 


PS] wholly in spheroids. For pearlitic grades of cupola- 


melted material containing 3.2 to 3.6 per cent carbon 
and 1.8 to 2.8 per cent silicon, the ductile iron provides 
a combination of 85/105,000 psi tensile strength in the 
as-cast condition with some ductility. In contrast to gray 
cast iron, strength is only moderately affected by section 
thickness. Under stress it behaves elastically like cast 
steel rather than cast iron. It has a modulus of elas- 
ticity of 25 million psi. 

Potential applications for this new material are ob- 
viously many and varied. Machinery in general including 
machine tools, crankshafts, pumps, compressors, valves 
and heavy industrial equipment, such as rolls and rolling 
mill housings, could readily utilize its high strength and 
rigidity. Its ductility may provide thermal shock resist- 
ance far greater than has been available heretofore in 
high carbon castings. The superior resistance to growth 
and oxidation gives promise of its use in many engine, 
furnace and other parts used at elevated temperatures, 
Other products include pipe, textile machinery, electrical 
machinery, paper machinery and marine equipment. 
Service data will gradually accumulate to determine the 
improved quality, weight reduction and economy avail- 
able in specific applications. ooo 


Resistance Alloy 
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New resistance alloy developed by Driver-Harris has 

specific resistance of 800 ohms per cir mil ft, low emf 

against copper and constant resistivity over a wide tem- 
perature range. 


that are subjected to extreme changes in temperature— 
such as units used in laboratory research and airborne 
equipment. 

Where error due to thermal emf against copper must 
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ries 100 Industrial Relay with 
Replaceable Coil 


Series 200 Relay with Interchange- 
able Coil and Contact Assembly 


Series 100-U Relay Series 405 Telephone Relay 
Underwriters Approved 


ie 


Series 220 Relay 


Series 595 Midget Relay 


GUARDIAN 


1627-D_ W.- WALNUT STREET 


compcete 
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* Guardian is first with the latest developments in 
relays, stepping switches, solenoids, contactor ynits and 
| assemblies. First with the Series 100 

| Industrial Relay and the Guardian 


assemblies available at your neares 

perimental work. Can be duplicated 

First with the Guardian Series 100-U and Series 600-U 

(Underwriters approved) Relays. First with the Series 

220 Relay; the tiny Midget Series heavy current 595 
yardian Series"R" Stepper for: Contin- 


First with a comp 

plete line of telephone type and radio relays. Each 
unit has proved far superior to others, each is basic 
in design, will meet the majority of “special” appii- 
cations with slight modifications. Write — arrange 
for a production sample. 

Send b/p specifications 

for specific recommen- 

dations. 


Type “R” Stepper 


ECTRIG 


CHICAGO 12, ILLINOIS 


Series 12 Solenoid 


LIne OF mevays seavins amenica® awoustay 
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be avoided, the new alloy is equal to Manganin with 
only 0.002 mv per deg C between O and 100 C. 

In addition to its unusual electrical properties, the 
new alloy has high physical properties. Tensile strength 
is 130,000 to 180,000 psi permitting faster winding 
speeds and easier handling in finer sizes. Its low coeff- 
cient of expansion, 0.000014 per deg C between 20 
and 500 C, makes windings less liable to be affected by 
distortion or movement. O00 


High Frequency Power 


While the conventional 60 cycle frequency supplies 
most power needs, a number of special applications in 
industry, communications, marine and aircraft need 
higher frequencies. For example, internal grinders 
operating at speeds of 75,000 to 85,000 rpm require 
frequencies up to 1500 cycles. Vibration tables for test- 
ing need variable frequency power up to 1000 cycles. 
Aircraft equipment and accessories can be designed for 
lighter weight with 400 cycle powér instead of 60 cycle. 
Telemetering and control from superimposed higher 
frequency on power lines often uses 3500 cycles. Radio 
transmitters for shipboard service are smaller and lower 
in cost if supplied with power at 360 to 800 cycles. 

When 60 cycle power is available but higher frequency 


Two-pole induction type generator operating from 60 


cycle line, supplies 3000 cycle three-phase power. This 


2 kw unit is made by Electric Specialty Company. 


is needed, frequency changers using 60 cycle excitation 
are suitable for frequencies from 180 to 360 cycles. 
Alternators built with revolving fields using d-c excita- 
tion are suitable for higher frequencies, particularly for 


two- or three-phase service requiring pure sine wave 
form. Inductor alternators for frequencies up to 10,000 
cycles have no rotor windings or brushes. 


a 


One-Piece Molded Phenolic Television Receiver Cabinet 


First television receiver to use a one-piece molded 
phenolic cabinet is this Admiral table model with 
7-in. direct view tube. Most critical element in the 
mold design was the depth of draw, 16%, in., neces- 
sary to accommodate the tube in its horizontal posi- 
tion. This is said to be almost twice the depth of 
any previously molded radio cabinet. Cabinet weighs 
about 10 lb. Other dimensions are 164 in. long and 
914 in. high. Molded-in details include decorative 


beading, dial recesses, tube opening, inner mounting 
lugs and brackets. Forty-eight individual louvers for 
the speaker-grille section are molded by shutoffs in 
the cavity. Three control shaft holes and a large rec- 
tangular opening for the picture tube are cored dur- 
ing the molding operation. Ventilating slots are 
formed by side cores. Molder is Molded Products 
Corp. Lake Erie Engineering Corp. 600-ton press. 
Material: Durez brown mottled phenolic compound. 
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DIRECT FACTORY ENGINEERING 
SERVICE — Extensive motor 
technology, accumulated 
through years of Fractional H.P. 
Motor engineering and manu- 
facture brought to your own 
plant by our experienced, fac- 
tory-trained engineers. 


RIGHT PRICE — To allow widest 
margin in pricing for competitive 
selling... FASCO “Custom En- 
gineering Service” utilizes the 
economy of a basically standard 
production line motor .. . custom 
engineers it to fit your special 
needs. 


EFFICIENT PERFORMANCE — So 
important to the success of your 
product ... proved by FASCO’S 
continuing success and growth 
- - . attained by building the 
maximum in quiet, economical, 
trouble-free operation into 
motors for many thousands of 
products that have served users 
with full satisfaction. 


FASCO iNDUSTRIES, INC. 


Formerly F. A. Smith Manufacturing Co., Inc. 
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FASCO QUALITY — Adds an extra 
measure of value to your prod- 
uct. Every step in the manufac- 
ture of FASCO Motors . . . from 
raw stock to final test .. . is 
under rigid uniform control of 
the most precise instruments 
and methods. 


DEPENDABLE MANUFACTURER 
—Not a giant plant, nor a small 
one. But a ‘iemiioneaiiie (250,000 
sq. ft.—1,000 employees) well- 
established reputable manufac- 
turer you can depend on for 
delivery as well as for quality of 
product. 


WRITE on your company letterhead for complete information 
on FASCO “Custom Engineering Service,” and catalog. 
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Carbides Cut Lamination Punching Costs 


Carbide dies cost more, but life expectancy is 20 to 60 times that of steel dies. 


(See also page 130) 


Used by Shick Incorporated to make bi-polar rotor and 
stator laminations for electric shaver motors, this five- 
station progressive carbide die is resharpened after each 
three million hits and has a life expectancy of 375 mil- 
lion hits. Ten small holes are punched at the first sta- 
tion; station 2 not used; rotor blanked at station 3; 
scrap trimmed at 4, and stator blanked at final station. 


Developed in collaboration with Telechron, Inc., engi- 
neers, this four-station progressive carbide die stamps 
out electric clock motor laminations at a rate of 340 
strokes a minute. Average of two million hits per 
sharpening compares with 100,000 for a steel die. 
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A prominent motor manufacturer uses this carbide die 
set for punching electrical motor stator laminations 
from 0.017 to 0.025 in. thick motor grade silicon steel 
in a 50-ton inclined press with an automatic slide feed. 
Die can be re-ground 250 times and averages 1,200,000 
hits per sharpening. Comparable steel die produces 
only 60,000 hits before it is removed for sharpening. 


Motor grade silicon steel 0.023 in. thick is punched in 
this transfer carbide die used by Minneapolis-Honeywell 
for making small motor laminations. Tolerances are 
held satisfactorily with this die; with steel dies the ac- 
curacy required could be held only on very short runs. 
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Carbide Lamination Dies 
Fk‘ IUR CASE HISTORIES of cost saving carbide 


dies for small motor laminations are shown in the 
illustrations on page 128. All were produced by Lin- 
coln Park Industries, Inc., using Carboloy sheet-metal 
die grades of cemented carbide for punches and die in- 
serts. While average first cost of a carbide die is three 
to five times that of a tool steel die, the life is 20 to 60 
times higher, so that the cost per lamination is mate- 
rially reduced. Wear on carbide punches is approximate- 
ly 50 per cent above that for the mating die. Of 


Subminiaturization Defined 


Some of basic principles of subminiature 
electronic design are clarified. 


What is a subminiature electronic assembly ? This is a 
valid point for unfortunately the term “‘subminiature” 
is frequently used in an improper sense. A good de- 
finition appears in a recent report by the National 
Bureau of Standards (Technical Report 1331) on sub- 
miniaturization of intermediate-frequency amplifiers for 
aircraft and missiles. “An electronic assembly,” de- 
fines the bureau, “is considered subminiature when its 
volume is compacted to a dimensional limit primarily 
imposed by the smallest available electron tube.”’ 

This means, of course, that the other components in 
the assembly have to be designed not only down to an 
appropriate size, but also to an appropriate shape so 
that the smallest possible volume is attained for the en- 


The National Bureau of Standards uses subminiature de- 
sign principles and techniques to compact certain com- 
ponents of air-borne electronic systems into about one- 
sixth the volume occupied by existing equipment. One 
model of a 60-mc wide-band high-gain i-f amplifier 
(top) uses subminiature tubes and very compact assem- 
blies of miniature parts. Similar i-f amplifier (lower 
left) employs printed electronic assemblies throughout. 
Parts for a single printed amplifier stage (lower right) 
are shown together with the completed stage assembly. 


130 


A WN BD TR AWN S 1 


EN Tf § 


tire assembly. .\ radically different approach in  sub- 
miniature design is the fact that protective sealing is 
applied to entire assemblies, rather than to individual 
components as is the practice in conventional electronic 
design. This approach makes it possible to employ each 
subminiature assembly as a sealed plug-in “packaged” 
unit. 

Potting of entire prewired assemblies of components 
in a suitable compound such as the NBS Casting Resin* 
is an effective method of subminiaturization when the 
heat generated in the device itself is not too excessive, 

Subminiature design is not in the province of the 
electronics engineer alone. The chemist, the metallurgist, 
the ceramic specialist, the mechanical engineer are fully 
involved in the development of special components and 
materials and manufacturing techniques. For example, 
few of the conventional insulating materials are usable 
at the high internal temperatures encountered in sub- 
miniatures as a result of extreme compactness. To meet 
this need satisfactory ceramics, vitreous enamels, and 
silicone-resin bonded materials have been developed by 
chemists and ceramists. Printed circuit techniques, of 
course, also fall largely in their field. 

Low-dielectric-constant (low-K) ceramics such as 
steatite, for example, are used in preference to organic 
insulation material. High-K titanate ceramics can serve 
not only as satisfactory printed-circuit base materials 
but also as miniature capacitor dielectrics. Ceramic 
dielectrics have been used throughout because of the 
potential scarcity of mica in times of national emer- 
gency. Fashioning the high-K ceramic bodies into 
cylinders makes them stronger than they would be in 
flat shapes. These ceramic cylinders are made to play 
a multiple role as capacitors, tube shields, stand-off 
insulators, and base materials for printed wiring. 

High temperatures encountered in subminiature de- 
vices also make it necessary to use high-temperature 
resistant insulated wire. Special types of such wire have 
been examined by NBS engineers, and the advantages 
and deficiencies of these wires were evaluated for vari- 
ous applications. Covering insulations included ceramic, 
silicone-impregnated glass, and ceramic polytetrafluoro- 
ethylene (Teflon). o00 


Magnetic Strain Gage 


Magnetic strain gage developed by Westinghouse 
Electric Corp. provides a simple method of directly 
measuring small distortions resulting when a_ static 
member is subjected to a tensile or compressive stress. 
The gage is particularly adaptable for crane booms and 
other structures where variations in load may approach 
the safe limits of the supporting member. Design limita- 
tions restrict its use to metal structures where full load 
on the supporting member causes the strain gage’s 
armature to travel not over 0.003 in. 

Complete unit, Fig. 1, consists of a strain gage en- 

(Continued on page 206) 


* See “Styrene-Base Potting Resin for High-Frequency Circuits,’ Sep- 
tember 1947 ELectTRICAL MANUFACTURING, p. 120. 
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Maimin Super 
Automatic XXX 
self-sharpening, 
straight-knife 
cloth cutter. H. 
Maimin Co., Inc., 
575 Eighth Ave., 
New York. 


Wolf Type “M” 
self-sharpening, 
circular-knife 
cloth cutter. The 
Wolf Machine 
Coa., ee €. 
Eighth St., Cin- 
cinnati. 
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Materials, Equipment, 


Electrical and Mechanical Parts, Finishes 


THREE-SPEED PHONOGRAPH MOTOR 


Three-speed 2-pole shaded-pole motor permits playing of 
conventional 78 rpm, 33 1/3. rpm microgroove, and new 45 
rpm records. Manual motor assembly units for 6% in., 
8 in., and 9 in. turntables are available. The three turn- 
tables speeds are secured by positioning various spindles in 
contact with the idler. The higher speed is secured in the 
conventional manner with rotor shaft directly contacting 
the idler wheel. For the lower speeds, secondary spindles 


are moved into contact with the idler wheel which auto- 
matically disengages the rotor shaft’s contact. The sec- 
ondary spindles are driven from the rotor shaft by specially 
compounded oil-resistant neoprene belts. Speed shifting is 
accomplished by movement of detented shift lever. Proper 
positioning of driving spindles for any one of the three 
speeds is assured by positive detenting of shifter assembly. 
The General Industries Co., Elyria, Ohio. 


CONTROL TRANSFORMERS 


Control circuit transformers are designed for use with 
industrial a-c control equipment, such as magnetic starters, 
contactors, and solenoids which are characterized by high, 
momentary inrush currents to the operating coils. Trans- 
formers are available in 50, 100, 150 and 300 va at either 


50/60 or 25 cycles, and 500 va at 50/60 cycles, with 
primary voltages of 220/440 (dual voltage), 550, 440, 380 
and 220, and secondary voltages of 110 or 24 volts. Fea- 
tures include low impedance values of windings resulting 
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in good transformer regulation during peak current, facility 
provided for secondary circuit protection by adding bracket 
and fuse block unit-assembly on transformer, dual-voltage 
primary, and built-in screw-tvpe terminals permit wires to 
run directly to transformer. Industrial Controller Division 
of the Square D Co., 4041 N. Richards Street, Milwaukee 

12, Wisconsin. Fe 


SOLENOID PILOT VALVES 

In-line air valve (Full-Flo) for machine tools and similar 
applications are available in both 3-way and straightway 
models. The % to % in. sizes are pilot type, solenoid oper-) 
ated, with solenoid releasing the air power that operates the 
valve. Current consumption is 0.2 amp holding and 1.2 amp 
inrush at 110 volts 60 cycles. For smaller requirements, § 
% in. direct solenoid operated are available. Standard 
valves handle vacuum as well as air, liquid, or gas pressures 


to 125 psi; models are available for use up to 450 psi. They 
can be furnished with inlet ports either normally open or 
closed. The 3-way is used for control of single acting cyl- 
inders and straightway for instant on-off service. Three- 
way model with oversize exhaust port is suited for fast 
reversal ; full pipe size orifices on all models. Interchange- 
able solenoid and pilot sections used on all sizes simplifies 
servicing. Ross Operating Valve Co., 120 East Golden Gate 
Avenue, Detroit 3. 


VARIABLE RESISTOR UNIT 


Compact dual variable resistor 15/16 in. diam (Midgetrol 
Dual) combines two controls on concentric shafts. Unit 
is intended for use on television receivers. Other features 


ed 
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of control are: insulated for high voltage encountered in 
television receivers, low-drift resistance element to meet 
temperature-humidity changes and two-point shaft suspen- 
sion. Electrical characteristics: resistance, 500 ohms to 5 
megohms; dielectric strength, insulated for 1500 volts d-c 
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How to cut production costs without sacrifice of 
quality... that was International Har- 
vester’'s problem in developing the rugged, 
dependable, but remarkably low-priced 
Farmall Cub tractor. One of the most interest- 
ing answers is this distributor rotor. By util- 
izing Chicago Molded Plastics, three vital 
parts were combined into a one-piece unit. 
Assembly was eliminated. Quality and per- 
formance were rigidly maintained. Y et the fin- 
ished part shows a remarkable saving in cost. 


Reducing costs without sacrificing 
quality is a rather common problem 
today. And today molded plastics are 
providing the answer in scores of 
cases like this one. The ability to pro- 
duce complex parts in a single opera- 
tion; to reduce or eliminate machin- 
ing and assembly; and to remove the 
need for applied finishes, all combine 
to make this process preferred. 


COMPRESSION, INJECTION 
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Chicago Molded Plastics — of course! 


But... merely changing over to plas- 
tics is not enough. To achieve the 
desired results requires close famil- 
iarity with materials and their char- 
acteristics; complete knowledge of 
the molding process, its limitations 
and possibilities; and the resourceful- 
ness and ingenuity to make sound 
use of the latest developments. 


That’s why so many leaders of indus- 
try have come to Chicago Molded for 
their important new developments. 
They know they will find here all the 
necessary equipment, a thoroughly 
seasoned organization with 30 years 
of experience, and complete engi- 
neering and product development 
facilities. 


So...if you are seeking a way to 
reduce costs, perhaps you will find 


the answer in Chicago Molded Plas- 
tics. Whether you are merely plan- 
ning or are ready for quotations, we 
invite you to talk it over with a 
Chicago Molded engineer. Write, 
phone or wire. There’s no obligation. 


CHICAGO 
MOLDED 


PRODUCTS 
fo) Tete) VW ile) 





1024 N. Kolmar Ave., Chicago 51, Ill. 


Representatives in principal 
industrial centers 


ey 


AND PLUNGER MOLDING OF ALL PLASTIC MATERIALS 
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switch rating, 3 amps at 125 volts a-c or d-c. P. R. Mallory 
& Co., Inc., Indianapolis 6, Indiana. 


SHADED POLE MOTORS 


Shaded pole motors (4-pole type) feature a four-point 
bearing bracket said to afford increased accuracy in cen- 
tering rotor in the stator. Design provides for complete 
assembly of motor independent of housing as well as in- 
spection of rotor for uniformity of air gap. Illustration 


breakdown; wattage rating, two % watt at 500 volts max: 






STEEL 


Every Kind 
Quick Delivery 









Current demand often depletes our stock of many kinds and 
sizes but you can be sure we will do our best to serve you. 


PRINCIPAL PRODUCTS: 






BAR S—cearbon & olloy, hot TUBING—seomless & welded, 
rolled & cold finished boiler tubes 












STR UCTURALS—chennels, STAIN LES S—Alilegheny sheets, 
angles, beams, etc. bers, tubing, etc. 
PLATES—U, M. & sheared, REINFORCING bors & access. 


Inland 4-Way Floor Piate BABBITT bearing metal 


SHEETS—hot & cold rolled, MACHINERY & TOOLS for met- 
many types & coatings al fabrication 


RYERSON 


Joseph T. Ryerson & Son, Inc. Plants: New York, Boston, 
Philadelphia, Detroit, Cincinnati, Cleveland, Pittsburgh, Buffalo, 
Chicago, Milwaukee, St. Lovis, Los Angeles, San Francisco 













shows skeleton view 120 volt a-c, 1700 rpm motor with 
4-point bearing bracket and same unit enclosed. Line of 
motors is suitable for fans and blowers, wire recorders, unit 
coolers, floor heaters, refrigerator condenser fans and 
similar applications. Motors are provided with large oil 
cups and are available with or without enclosure. Loyd 
Scruggs Co., 1022-32 N. Sixth Street, St. Louis 1, Missouri. 


COMBINATION TIMER-SWITCH 


Automatic timer switch (RC-3021) is designed to be built 
into radio cabinets as part of original equipment. Unit is 
a combination of two independent timers operated by single 
motor. One timer is a manual “on” and automatic “off” 
























COAST TO COAST 


Our Representatives are eager to help you 
solve your heat resisting wire problems. 
Be sure to call them if you need any of 
these products 
California —Mr. John B. Tubergen 


1406 South Grand Avenue 
Los Angeles 


Ilinois —Mr. Gerald G. Ryan 
549 West Washington Bivd. 
Chicago 


Ohio —Mr. H. Q. Gamble 
1836 Euclid Avenue 
Cleveland 


Pennsylvania —Mr. John F. Orsi 


1123 Real Estate Trust Bidg. 
Philadelphia 


New York City for an interval up to 60 min. Other is an automatic “on” 
& New Jersey—Mr. James L. Fitzsimmons 


ie tiinine donee timer, any time within 12 hr. The unit must then be manual- 
Belleville, New Jersey ly turned off. International Register Co., 2620 W. Wash- 
ington Blvd., Chicago 12. 


Let Lewts MULTICIRCUIT TIMER 


: ° Complete unit is designed to provide time control of three 
Build The Wire For You separate circuits, each to operate in sequence for preset 
intervals. When required, only one, or two, of the circuits 

Sead your electronic control, communications or appliance wir- may be set for time control. Unit is intended for built-in 
lng epecificetions for @ recommended solution by our engineers. applications on machines, appliances, including washing 
machines, sterilizers, and dry cleaning equipment. In opera- 
tion, circuit number 1 is closed for a preset time; other 
circuits are in open position. Expiration of time interval 


el: LEWIS aaa CO opens circuit number 1 energizing relay and closing circuit 












































FOR A TRIAL ORDER OR A CARLOAD consul? 





number 2 for the preset time interval. At end of second 
time interval, second relay closes contact on number 3. Cir- 
1 et ahah ad cuit number 3 then proceeds until present timing period has 
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‘| Aluminum is Man 







Alcoa’s library of technical literature 
will help you choose correctly 


Choose the right Aleoa Alummum Alloy for the job! All Alcoa 
Alloys are light in weight; all resist corrosion, give you the widest 
choice of commercial finishes. But some have special qualities 
that fit them best for the job. 

Get the benefit of Alcoa’s more than 60 years’ experience with 
aluminum and its characteristics, available in your free copy of 
the booklet, “Alcoa Aluminum and Its Alloys”. 
booklet, fully illustrated, will help you decide which of the many 


This 154-page 


basic Alcoa Alloys, and which temper of that alloy, you should 
have for your product. Your local Alcoa sales office will be glad 
to furnish you with your copy, or write ALUMINUM COMPANY OF 
America, 663 Gulf Building, Pittsburgh 19, Pennsylvania. 





Metals... 


Choose the right alloy 


for the job 


ALUMINUM IS MANY METALS 
WITH MANY CHARACTERISTICS 






Light weight, to reduce 
WR? in high-speed rotors. 


High conductivity, as 
in wire and cable made 
with Alcoa E.C. (Electrical 
Conductor) Aluminum. 


High reflective efficiency, 
as in lighting reflectors 
finished by the Alzok* 
process. 





Corrosion resistance that makes 
products of Alcoa Aluminum virtu- 
ally ageless, such as this electric 
meter housing. 





* Patented Process 





APRIL 1949 
















































































































































































































































































































































































Patented, No. 1 1,933, 555 
(THE SOLDERLESS, TAPELESS WIRE CONNECTORS) 





































Take a good look at this wire Only “WIRE-NUTS” 
tries. The ant. te SEAL” coe Give You All These 
wire connector means these things 
—all of them important to you: 


That the connector is a genuine 
IDEAL “Wire-Nut”—offering the 
fastest, easiest way known to make 
approved wire connections. Just 
Screw on—like a nut on a bolt! 


That, because of its unique de- 
an it is the safest, strongest, 
most dependable wire connector 
you can buy .. . tested and 
proved in millions of money-sav- 
ing manufacturing applications. 


3. That from raw materials to fin- 
ished product, it has been subject 
to the most rigid quality control 
. . . that it has been inspected 
and tested for material, compon- 
ents and uniformity no less than 
nine times. That’s why the extra 
quality you get in ‘“Wire-Nu 
never varies. In every 1,000 “‘Wire- 
Nuts” you can count on 1,000 
perfect wire connections. 


PEE aay 


EASIER TO USE. Just 
screw on—that’s all! No 
solder, tape or tools. 





RESISTS PULL-OUT. A 
“Wire-Nut” joint of two 
No. 14 wires will stand up 
to 176 pound pull. 


~~ 


— DEPENDABLE. 
Not affected by 
vibration. Non- 

The pay-off comes, of course, in aon — 

lower production costs for you— 

in faster production and a better 
product. Proved 20 year record 

—millions in use! your IDEAL 

Distributor today or write for Wire- 

Nut Catalog WNM-847. 


SAFE. Wire ends 
fully insulated by 
strong, moisture- 
resistant Bakelite 
shell that prevents 
“grounds” and 
“shorts”’. 





TOP QUALITY. 
Built to precision 
standards. Inspect- 
ed and tested with 


a laboratory care. 


APPROVED. IDEAL 
“‘Wire-Nuts” are listed by 
Underwriters’ Laborator- 
ies, Inc., and approved 
by other leading electri- 
cal authorities. 


SEE YOUR LOCAL DEA IDEAL ae 
or 





“Wire-Nuts” Connection in this 
rotary tool is made in 5 seconds. : 
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expired, instantly opening circuit number 3. Any setting 
may be changed before or during operation. Standard timers 
used are available in 60 min. maximum, or 11 hr maximum 
with SPDT switches of 3 or 10 amp capacity at 110 volts 
a-c or d-c. Timer is spring driven by clock movement, 









automatically powered when turning pointer to time in- 
terval desired. Sequence control of any number of circuits 
may be obtained by adding timers. Unit shown measures 
4% in. x 14% in. x 234 in. deep. Walser Automatic Timer 
Corp., 420 Lexington Avenue, New York 17. 





MINIATURE PENTODE 


Miniature r-f pentode (CK5654), a 
sharp-cutoff tube, is now available in 
quantity. It is intended for use in 
mobile and aircraft applications and in 
many of the applications of the type 
6AK5. Direct interelectrode capac- 
itances of tube (in mmfds) are 0.02, 
grid No. 1 to plate; 4.0, grid No. 1 
to other electrodes except plate; and 
2.9, plate to other electrodes except 
grid No. 1. Other electrical character- 
istics are: 0.175 amp for heater cur- 
rent, 200 ohms cathode resistor, 0.34 
megohm plate resistance, 5000 micromhos transconductance, 
and 7.5 ma plate current. Raytheon Manufacturing Co., 
Inc., 60 East 42nd Street, New York 17. 








IMMERSION HEATER 


Thermostat-controlled immersion hot water heater unit 
is available in 600, 1000, 1500, 2000 and 3000 watt ratings 
at 115 and 230 volts; respective lengths are 6, 10, 11, 12 





and 15% in., measured from flange to end of heater. Heater 
is provided with 1 in. tapered pipe thread which fits stand- 
ard type hot water boilers. Available also with 1% in. 
tapered pipe thread. Vulcan Electric Co., Danver, Mass. 


CORROSION RESISTANT FINISH 


Line of corrosion resistant synthetic paints (Cyclon 
Series NPC) is said to be unaffected by alkalies and their 
salts as well as most mineral acids. This high solids coat- 
ing is intended for use on metals, wood, and ceramic sur- 
faces which are subject to chemical attack by corrosive 
fumes, condensates, -spillages, etc. Paint is brushed on 
and air dries by solvent evaporation to a flexible glossy 
finish. Coating films are claimed to be inert to alcohols, 
soaps, water, fruit acids, low octane gasoline and other 
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MOTORS 


STAND UP TO THE JOB 


Here at the factory, Delco motors are 
rated in terms of horsepower. In the 
field of industry, we are proud to say, 
they are rated tops. Large or small, 
every Delco motor is built to carry its 
rated load and to keep on carrying it 
even under the most adverse condi- 
tions. When you count on Delco 
motors for power, you don’t have to 
count on down-time. 















Delco’s ability to deliver continuous, 
trouble-free power is due to special 
construction and design features— 
such as positioned bearings, Delcote 
coil insulation, corrosive-resistant 
cast iron frame, positive lubrication, 
dynamically balanced rotor and shaft 
assembly, water-tight conduit box. 


For complete data on Delco Motors, 
address Delco Products, Dayton, Ohio, 
or our nearest sales office. 


DELCO MOTORS 


DELCO PRODUCTS, DIVISION OF GENERAL MOTORS CORPORATION 


SALES OFFICES: CHICAGO e CINCINNATI e CLEVELAND ¢ DETROIT ¢ HARTFORD, CONN. 
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EULESS 
¢ MAN-HOURS 


with the . . 


Select exactly the right 
semi-tubular, split rivet, or cold- 
headed fastener from Milford’s com- 
plete line. You'll find it pays in 
every way! 


Then use the right rivet set- 
ting machine for your application. 
One of Milford’s 15 basic machines 
is sure to solve your particular 
problem . . . and slash your pro- 
duction costs! 

WRITE TO DEPT. E 


MILFORD RIVET 


& MACHINE COMPANY 
HATBORO, PENN. 


ELYRIA, OHIO 
MILFORD, CONN. 


TOUGH JOBS 
ROUGH JOBS 


DURAKOOL steel clad mercury switches are look- 
ing for tough assignments. New design and im- 
proved method of charging with hydrogen gas 
under pressure enables these durable switches to 
do work heretofore thought impossible. Non-break- 
able, non-explosive, non-corrosive, millions of con- 
tacts. Write for technical data and specifications. 


THEY KEEP COOL UNDER PRESSURE 


ea) 


MERCURY SWITCHES 


DURAKOOL, INC. ¢ ELKHART, INDIANA 
Canadian Representative 
Controlite Eng. & Sales, Ltd.. Toronte 5, Onterie 


corrosive reagents. Films of 0.002 in. thickness have a 
moisture vapor transmission rate of less than 2.0 gm per 
100 sq in. of area for 24 hr at 100 per cent relative 
humidity. Maximum temperature should not exceed 180 F, 
Polv-Cyclo Products Co., 12400 Crossburn St., Cleveland, 


ELECTRONIC SPEED CONTROL DRIVE 


Stepless speed control drive (Thy-mo-trol ) operating from 
220-volt 60 cycle supply is available in ratings up to % hp. 
Applications include small lathes, grinders, drill presses, 
conveyors, pumps, packaging equipment and others. Drive 
utilizes a simplified half-wave circuit to provide d-c flexi- 
bility from a-c power. Control is obtained by turning knob 


on single control station. Speed range is 20 to 1 from 1725 
to 86 rpm and is suitable for ambient temperature ranges 
from 50 to 104 F. It is furnished in the non-reversing type, 
or in reversing type with a separate magnetic reversing 
switch. Drive is designed for constant-torque loads and 
under normal operation is said to have good speed regula- 
tion from no load to full load. Speed may be preset, or 
may be varied during operation and under load. Dynamic 
braking permits quick stopping. Electronic unit is mounted 
in compact, ventilated NEMA Type I enclosure. General 
Electric Co., Schenectady 5, N. Y. 


SOLENOID OPERATED AIR-POWERED VALVE 


Low voltage, high-speed solenoid-actuated air control 
valve available with 4% in. or % in. port size is suitable 
for line pressures from 5 to 150 lb. It is suitable for direct 
connection or remote control of any standard air cylinder. 
Valve features built-in air-cooled solenoids which operate 


on 8 volts and have a consumption of 6 watts. Speed 
claimed is above 2,200 movements per min. Unit consists 
of a cast bronze body incorporating a single air inlet, elec- 
trical terminals, and cylinder in which floats a light weight 
piston cushioned at both ends. Piston engages and shifts 
a 4-way shear-flow air valve. Caps enclosing each end of 
cylinder hold small solenoids (8 volt) which move through 
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G-E Permanent Magnet 
SUB-ASSEMBLIES 


Here’s a new product which may lower 
your permanent magnet costs. Permanent 
magnet component assemblies are spe- 
cially designed to your specifications— 
teady for immediate installation in your 
final product. All permanent magnets are 
mounted for maximum efficiency. And, 
assembly and calibration operations are 
completely eliminated at your plant. For 
your free copy of General Electric’s new 
bulletin on G-E Permanent Magnet Sub- 
assemblies mail the coupon shown below. 
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YOU GET QUALITY PLUS ENGINEERING SERVICE 
with 
PERMANENT 
MAGNETS 


vee macner tase Hom - 
ald Your 


Here’s a magnet that’s simple in design yet is the heart of Penn 
room thermostats. . .. thermostats which anticipate heat requirements 
before temperature changes. The Sintered Alnico 2 permanent magnet 
snap-acting contact mechanism responds almost instantly to tem- 
perature variations. 

This application is an excellent example of cost-saving by using 
stocked G-E permanent magnets. Since the magnet is stocked there 
are no special tool charges. And orders for stocked magnets are filled 
quickly, eliminating costly production slow-downs to you. 

Perhaps a standard listed magnet can be used in your applications. 
And if a standard G-E permanent magnet will not meet your require- 
ments, our engineers will be glad to design one specially for you. 
Remember, too, that General Electric manufactures all grades of cast 
and sintered Alnico as well as special magnet alloys. 

CHEMICAL DEPARTMENT, SECTION 13-4 


GENERAL ELECTRIC COMPANY 
PITTSFIELD, MASS. 


Please send me: ( ) Bulletin, CDM-2A, ( ) Bulletin, CDM-16, 
“G-E PERMANENT “G-E PERMANENT 
MAGNET CAT- MAGNET SUB-AS- 

SEMBLIES” 
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“Qakite’s new method for 
cleaning brass and copper before 
nickel and chrome plating is tops!” 


From Connecticut to California, electroplaters are 
enthusiastic about the NEW Oakite brass-cleaning method 
that gives good protection against tarnish along with 
effective removal of oils and buffing compounds. Here are 
a few comments: 


Wonderful cleaner for brass ... Results have 
been excellent ... Not a single reject on brass and 
copper work in two months. . . Good cleaning com- 
bination ... All parts plate perfectly ... Worth its 
weight in gold ... No discernible tarnish during 
anodic cleaning ... Rejects at lowest point ever ... 
Nickel plate extremely adherent, very bright and 
lustrous ... Getting excellent results in automatic 
plating machine . . . 15 to 20 seconds reverse did per- 
fect job ... Much brighter plating, much better 
adhesion . .. Could not detect any tarnish ... 


~REE Write today to Oakite Products, Inc., 


18H Thames St., New York 6, N. Y., for full information. 


OAKITE 


®EG. U.S PAT. OFF. 


INDUSTRIAL CLEANING MATERIALS - METHODS - SERVICE 


Technical Service Representatives Located in 
Principal Cities of United States and Canada 


THE RAJAH SOLDERLESS 


SNAP TERMINALS 


Used Extensively by Manu- 
facturers of Oil Burners, 
Radio, Testing Devices Ma- 
chines, Appliances and Equip- 
ment. 


The complete terminal consists of two 

parts—the base stud (male) which can 

be furnished tapped for 6/32”, 8/32”. 

10/32” or 10/24” machine screws—and 

the spring snap terminal (female). 

The base stud is fastened to panel or 

electrode of the sparking plug, the spring 

snap terminal is fastened to the ignition 

cable. 

Merely push the terminal on the base 

stud, and it snaps into place making a 

positive electrical connection. To re- 

move just pull it off; no screws to bother 

with, no springs to bruise fingers. 
Write today for descriptive folder illustrating our complete 
line of terminals, nipples, tools, base studs, etc. No obligation. 


THE Rajah co. 


TRADE MARK 


BLOOMFIELD NEW JERSEY 
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only %2 in. and release the full pressure of the air supply 
line to drive the light weight piston. Switches for operat- 
ing valve may be placed in the 8 volt secondary circuit or 
in 110 volt primary. The Bellows Co., 222 W. Market St., 
Akron, Ohio. 


D-C TIMERS 


Re-designed motor and timer units (Series 5148 and 
5149) are available in the range from 6 to 115 volts d-c, 
Automatic reset timers are suitable for either time delay 
or interval timing by connecting load to proper side of DT 
switch. The totally enclosed DT switch is rated at 10 amp 
28 volts d-c; increased current rating is obtained at lower 
voltage. Series 5148 timer is non-adjustable; can be fur- 
nished with wide range of time delays or intervals. Other 


timer is adjustable over a wide range of time intervals. 
Both timers utilize d-c motor coupled to magnetically op- 
erated clutch. Motor (series 9200) is a reversible perma- 
nent magnet type, built to industrial, Army or Navy speci- 
fications. It is totally enclosed and lubricated for life. The 
6-volt motor has a speed of 900 rpm and is available with 
standard gear trains. Units are subject to inherent varia- 
tions in timing due to changes in voltage and temperature. 
The Haydon Manufacturing Co., Inc., Torrington, Conn. 


TELEVISION TRANSFORMERS 


Complete line 
available includes 
power, vertical 
blocking oscillator, 
and vertical scan- 
ning output trans- 
formers as well as 
one for horizontal 
scanning output. 
Power  transform- 
ers are available 
with copper short- 
ing band around 
core to cut down 
external magnetic 
field to reduce dis- 
tortion; are de- 
signed for a d-c 

supply range from 212 to 405 volts d-c, 90 to 295 ma. 
Vertical blocking oscillator transformers are available in 
compound filled, drawn steel case, insulated from 2000 volt 
breakdown. Their primary inductance is 1.15 henries +20 
per cent at 3 volts, 1000 cycles; primary to secondary ratio, 
1 to 4.2. Also available in other mounting and ratings. 
Vertical scanning output transformers designed for use 
with a deflecting yoke and a directly viewed kinescope. 
Transformers have a primary impedance of 19,000 ohms at 
30 volts, 60 cycles, with a current of 13 ma d-c. Primary 
to secondary ratio 10 to 1; other ratings and ratios avail- 
able. The horizontal scanning output transformer (TFB-1) 
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To our knowledge, this battery case is the largest 
single-shot of polystyrene ever molded. It con- 
tains 9 pounds 2 ounces of Koppers Heat- 
Resistant Polystyrene 8. The dimensions are 
11 x 8% x 12 inches with an average wall thick- 
ness for the case of % inch. 

Hundreds of other battery cases have been 
molded of Koppers Polystyrene because of its 
excellent combination of properties. It resists 
all concentrations of battery acids, has extremely 
low water absorption and is considerably lighter 
than materials previously used in battery cases. 

The electrical properties of Polystyrene 8 are 
excellent and its heat resistance under A.S.T.M. 
test D 648-45T is 204°F. 

In addition to all its superior qualities, the 
cost of Polystyrene 8 is low. That’s why it is 


KOPPERS COMPANY, INC. 
KOPPERS BUILDING, PITTSBURGH 19, PA. 
Chemical Division 
Regional Offices in New York, Chicago, and San Francsco 


“POLYSTYRENE "ETHYL CELLULOSE 


APRIL 1949 


"CELLULOSE ACETATE 


Largest 


Polystyrene 


used for so many plastics products from kitchen- 
ware to the most modern refrigerators. 
Koppers Polystyrene is made in three types— 


© Koppers Polystyrene 8, the heat-resistant poly- 
styrene. 


® Koppers Polystyrene 7, the general purpose type. 
@ Koppers Polystyrene 3, the lubricated type for fast, 
easy moldability. 

Koppers Technical Staff of research chemists 
and engineers is ready at all times to help you 
with your problems in plastics. Feel free to call 
on them. There’s no obligation, 


For information on 
Koppers Perfected Plastics - en 


—_— 


company ete 


adress--- 









Single-Shot of 


ever molded! 


MADE BY STOKES MOLDED PRODUCTS, INC. 
Subsidiary of Electric Storage Battery Company 
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is for coupling horizontal output tube to the horizontal 
deflection yoke. Provides high pulse voltage which when rec- 
tified serves as the anode voltage supply for the cathode-ray 
tube. For use with deflection yoke and direct viewing tubes. 
Chicago Transformer Division, Essex Wire Corp., 3501 
Addison St., Chicago 18. 


HERMETICALLY SEALED RELAY 

Miniature SPDT. hermetically sealed d-c relay (Type 
CX3554) is designed to high-altitude aviation specifications, 
Relay is rated at 2 amp and capable of withstanding mo- 
mentary inrush of 12 amp at 26.5 volts d-c. Coil rating is 
26.5 volts; operating range is 18 to 32 volts. Features of 










































Skeleton view of our improved 
4-pole Shaded Pole Motor 
showing the New 4-Point 
Bearing Bracket. 


Same Motor Enclosed. 





relay include shock resistance up to 50 g, vibration resist- 
ance to 10 g, high-speed opening and closing without con- 
tact bounce, operation over a temperature range of —75 to 
+-200 C., and capable of rated operation at altitudes as high 
as 70,000 ft. Overall dimensions are 134 in. high, a flange 
diam of 1.04 in., and 134 in. center to center of mounting 
holes. Struthers Dunn, Inc., 150 N. 13th Street, Philadelphia. 





SELENIUM RECTIFIERS 
Selenium rectifier stacks with moisture-proof finish are 
available for d-c power outputs from 2 volts and 150 ma to 


5000 volts and 10,000 amp. Efficiencies claimed are from 


65 to 85 per cent, depending sircuit employed. These 
IN 4-POLE SHADED POLE MOTORS eae eens ae es cs ea 
OUR IMPROVED 4-POINT BEARING BRACKET PI —s _— wo 


SKELETON OR ENCLOSED TYPE AS SHOWN 
120 v. A.C. — 60 Cy. Approx. 1700 R. P. M. 


Our new and improved 4-point 
bearing bracket makes our 4- 
pole shaded pole motor out- NOW IN USE ON 
standing. Compare this motor Air Circulators 
with any other and see for Wire Recorders 
yourself. Air Conditioners 
Business Machines 
@ Absolutely uniform § air Fans and Blowers 
gap of minimum width. Vending Machines 
Ventilating Fans 
Oil Circulating Heaters 
Exhaust Fans 


@ Permanent rotor position 


tems for use under adverse conditions as in hig idity and 
within stator. for use under adverse conditions as in high humidity a 


corrosive fume atmospheres. Rectifier plates are made in 





: . Floor Heaters : cn ; : ‘ z ‘ oy 
© Housing entirely separate. Unit Coolers six different sizes ranging from 14 x 1% in. to6% x 7% 
@ Priced competitively. Refrigerator Condenser in.; each plate rated at 26 (rms) inverse voltage. Main 


: : Fans feature of stacks is their ability to withstand 1000 per cent 
Write, wire or phone for sample Coolant Pumps overload for intermittent service. International Rectifier 
telling us your requirements — Floor Air Circulators Corp., 6809 S. Victoria Avenue, Los Angeles 43. 
Memorandum invoice. The Loyd Unit Heaters 
Scruggs Co., 1022-32 N. Sixth and many others. 
St., St. Louis 1, Mo., Telephone: 
CHestnut 2668. 


INSULATING VARNISH 


Internal-curing insulating varnish (Harvel 1012C) is 
said to produce high bonding strength and a film that is 
oil-proof. Average film thickness obtained is approximately 


we ailirsisans COMPANY 0.0025 in. Varnish is claimed to have good chemical and 










moisture resistance and exceptional resistance to decom- 
OF PRECISION INSTRUMENTS position at high temperature. It was developed for the 
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WINDING HORIZONTAL SWEEP COILS 
FOR TELEVISION RECEIVERS 


FOUR COILS WOUND AT ONCE ON 
UNIVERSAL NO. 84 MACHINE 


The tremendous interest in tele- 
vision all over the country has 
created a large and attractive mar- 
ket for producers of component 
parts for TV receiving sets. 


For complete assurance of high 
quality and production in coils for 
television sets, manufacturers are 
using Universal Coil Winders. 


One of the most difficult coils 
to wind is the so-called horizontal 
sweep or fly-back transformer coil 
(Fig. 1). This can best be wound 
on the No. 84 Universal Coil 
Winder (Fig. 2), which makes it 
possible to wind one to four coils 
at once for each of the three 
sections. 


The following technical data 
was prepared by our engineers and 


NO. 84 MACHINE SET-UP FOR 
TELEVISION HORIZONTAL 
SWEEP TRANSFORMERS 


FIRST SECTION 


Wire 375 turns of No. 28 single 
nylon and enamel covered wire 
(.0156 in. O.D.) 


Cam % in. single throw. 

Winding speed 750 rpm. 

Wind 1%, using gearing 48 or 
72 with any intermediate gear to 
mesh. 

Wire guides .018 in. center slot. 

Tension medium spring in 
fourth hole from top. 

Pressure two weights on trav- 
erse frame cord. 

Wind four coils at a time. 


SECOND SECTION 


Wire 1,000 turns No. 33 single 
nylon and enamel covered wire 
(.0099 in. O.D.) 





Fig. 1. Horizontal Sweep Coil. 


is intended as basic information 
when producing the horizontal 
sweep coil on the No. 84 machine. 
Another component coil for tele- 
vision is the focus coil, which is 
wound on the No. 102 machine. 
Detailed information on recom- 
mended winding practice for both 
these coils is contained in Getting 
the Most from Coil Winding — 
copies of which we will be glad to 
send you. Ask for GMCW-L. 


Cam 12 in. single throw. 

Winding Speed 750 rpm. 

Wind 2/3, using gearing 119-80 
with any intermediate gear to 
mesh. 

Guides .018 in. center slot. 

Tension sixth hole from top. 

Pressure two weights on traverse 
frame cord. 

Wind four coils at a time. 


THIRD SECTION 


Wire 1,000 turns No. 38 single 
silk and enamel covered wire 
(.0065 in. O.D.) 

Cam 3/32 in. single throw. 

Winding speed 400 rpm. 

Wind 1/7th using gears 120-40- 
88-38. (With this compound gear- 
ing, use any small gear on the 
spindle shaft on the inside of the 
120-tooth gear. The second and 
third gears will go on the inter- 
mediate stud with the 40-tooth 
gear on the outside and the 88- 





Fig. 2. No. 84 Coil Winder. 


tooth gear on the inside. The 38- 
tooth gear will be on the clutch 
shaft, and should mesh with the 
88-tooth gear.) 


Wire guides .008 in. center slot. 


Tensions light spring in about 
the third hole from the top. 


Pressure one pressure weight on 
the traverse frame cord. 


Wind one to four coils at a time. 


COIL WINDING 
DEMONSTRATION ROOM 


We have in our coil winding 
demonstration room the following 
complete line of coil winding ma- 
chines: 84, 96, 98, 102, 103, 104 
and 105. 

We invite anyone who is inter- 
ested to visit our demonstration 
room and view these machines in 
operation. 


UNIVERSAL WINDING COMPANY 


APRIL 1949 
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P. O. Box 1605 Providence I, R. I. 
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IN QUANTITY 
AUTOMATICALLY 


USE UNIVERSAL TIE MACHINES 
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INDUSTRIAL FLASHLIGHT 
CASE: Must be tough, good-grip, 
non-corrosive, oil-resistant surface. 
Should be electrically insulated. 


Plated, painted, imitation leather 

surfaces had been tried, but they 

h corroded, chipped, or peeled. 
at What material would you use? 


materials 











would 

















you 2 Tapered gasket ring, exposed to 


acids, alkalies and essential oils, 

must impart no taste or odor to 

solutions. Must be free from “cold 

h flow” for tight seal through a tem- 

C 00se perature range from 0° to 100° F. 
What material would you pick? 




















for these 











parts? 

















Answers: No. 1—Ace hard rubber, molded around brass tube, 
gives insulated, practically indestructible flashlight. No. 2— 
Ace Parian (polyethylene) is ideal for this gasket ring. 

Yes, sometimes it’s hard rubber, and sometimes it’s one 
of the other plastics that’s best. Ace, with many hard rub- 
ber and plastics compounds to choose from, is fully equipped 
to supply whatever you need. If you want this kind of impar- 
tial advice from your molder, select American Hard Rubber 
Company. Send for free 60-page Ace Handbook—a gold 
mine of helpful data. 


















































ace HARD RUBBER ond OTHER IMPORTANT PLASTICS 


We Magee 


1) MERCER STREET © NEW YORK 13, WN, Y, 



















impregnation of wound structures requiring good bonding 
strength; also suitable for use on windings operating at 
high peripheral speeds. Irvington Varnish & Insulator 
Company, Irvington 11, New Jersey. 


STRIP-TYPE THERMOSTAT 


Housed strip-type thermostat for controlling surface tem- 
peratures has a maximum operating temperature of 650 F 
and a rating of 1500 watts at 115-230 volts a-c. It is pro- 
vided with nickel stranded glass-fibre insulated lead wires 
and is shockproof. Thermal element is insulated from 
switch and carries no current. Other parts are made of 





heat-resisting alloy metals and mica insulated. Thermostat 
measures 2% in. long x % in. wide x &% in. high, with 
mounting holes on 3% in. centers. Provided with heavy- 
duty heat-dissipating silver contacts. Can be supplied with 
a heat-range limit adjustment shaft. Weight is 2 oz. George 
Ulanet Company, 413 Market St., Newark 5, New Jersey. 


SOLENOID VALVES 


Line of sturdy electro-hydraulic 
solenoid valves (Types D1-BH, D2-B, 
D2-S) is designed to cover the pres- 
sure range from 5 to 2,000 Ib, made in 
pipe sizes from % to 1 in. They are in- 
tended for automatic and remote con- 
trol of steam, gas, air, and liquids. 
Type D1-BH with stainless steel cyl- 
inder and brass piston used for air and 
oil (SAE 30 or lighter ) and other non- 
corrosive liquids, has a pressure range 
of 5 to 2,000 lb; maximum tempera- 
ture is 200 F. The D2-B with stain- 
less steel cylinder and piston for same application and pres- 
sure limits has a maximum steam pressure and temperature 
of 250 Ib and 450 F respectively. Type D2-S with parts of 
stainless steel or other corrosion resistant alloys is suitable 
for acids, alkalis, salts, and other chemical compounds; 
maximum steam pressure and temperature of 350 lb and 
550 F. Valves for higher temperatures and pressure can 
be supplied. Coils for valves used on steam systems are 
available in 24, 115, 208 and 230 volts 60 cycles, and 115 
volts d-c. They can be furnished for any voltage or cycle 
on valves operating below 160 F. Hoppe Engineering Co., 
Greensboro, Ind. 


MULTI-CONTACT RELAYS 


Compact, twin-contact low-current telephone type of re- 
lays (Class B) are available up to 300 volt d-c and 230 volts 
a-c and with various time ranges and contact springs. 
Quick acting d-c type has a max operating voltage of 300 
volts for single wound and 150 volts for multi-wound ; oper- 
ating and release time range, 0.005 to 0.10 sec and 0.002 to 
0.120 sec; 16 contacts on 13 springs. Quick acting a-c type 
max operating voltage, 230 volts between 20 and 60 cycles; 
operating and release time range, 0.010 to 0.025 sec and 
0.008 to 0.020 sec; contact capacity, 22 springs. Slow oper- 
ating type (d-c only) max voltage range 135 volts; operat- 
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A new idea in heater cords—General Electric’s gleaming, new Preen-X cord. 
That's the brand-new cord that’s ready to put new selling ideas into your product. 

This tough, new heater cord has no braid—can’t fray. It has all the flexi- 
bility of a lamp cord. Yet, it has ten times the abrasion resistance of ordinary 
heater cords. And it resists water and oil. G-E Preen-X heater cord—supplied 
in a complete cord set with the colorful, new ‘*400"’ plug—is the idea that’s 
a ‘‘must’’ on every up-to-the-minute heating appliance. 

Like to use the General Electric Preen-X heater cord with the new **400"’ 
plug in your designs? Why not contact the General Electric Accessory Equip- 
ment representative in your area, or drop us a note asking for details? Section 
Q36-422, Construction Materials Department, General Electric Company, 
Bridgeport 2, Connecticut. 
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more “‘SELL’ into your product with G-E components 








LIGHT-DUTY APPLIANCES improve in 
appearance when they're equipped 
with the good-looking G-E Flamenol* 
cord set. In brown or ivory, this 
tough cord with molded-on plug is 
an asset to any appliance. As an extra 
merchandising aid, you can display 
the General Electric Flamenol tag on 
all your products equipped with this 
cord set. You'll be amazed at the way 
the tag and the cord set can boost sales. 


FLUORESCENT ACCESSORIES—Did you 
know that General Electric makes 
a full line of components for fluo- 
rescent fixtures? Famous Turret* 
lampholders and Watch Dog* 
starters, plus a wide range of 
switches, and standard lamp- 
holders and starters, are all part 
of this complete line. 


CORD SET ASSEMBLIES— Maybe we can 
save you moncy by assembling your 
cord set circuits for you. We're 
equipped to wire such items as sockets 
and switches into a cord set circuit, 
and ship the complete assembly to you 
ready for mounting on your product. 
Let us give you more information on 
this service. 


INFORMATION SERVICE—If you're in- 
terested in General Electric com- 
ponents for your appliance—or, if 
you'd like to know about our serv- 
ices to manufacturers—we'll be 
glad to help you out with advice 
or supplies. For information, con- 
tact the General Electric Accessory 
Equipment representative in your 
area, or write to Section Q36-422, 
Construction Materials Depart- 
ment, General Electric Company, 
Bridgeport 2, Connecticut. 


*Trade-mark Reg. U. S. Pat Off. 
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THE NEW 192 PAGE 
DIALCO HANDBOOK 


OF 
PILOT 
LIGHTS 


Complete data 
on the wedi used in pilot lights. 


Pilot Light iaiiabili: 


Here is one example designec 


for NE-51 Neon Lamp 
No. 521308-997 


(110 or 220 Volts) 
e MULTIVUE CAP — 7 COLORS 
F _@ BUILT-IN RESISTOR 
eatures: « EXTREMELY RUGGED 
e VERY LOW CURRENT 


Foremost Manufacturer of Pilot Lights 
The DIAL LIGHT COMPANY 


of AMERICA 
900 BROADWAY, NEW YORK 3, N. Y. 


oO 
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CONTACTS 


PRECISION SERVICE 
from Order to Delivery! 


Your production problems may be simplified when 
you consult an organization with a long record of 
sucessfully serving electrical manufacturers in all 
types of precision work. Whether you are seeking 
advice on new applications, redesign, or wish your 
own designs executed, send us your requirements, 
and they will receive our most careful attention. 


Extra KNOW-HOW 


for your specific design problems 


233 SPRING Pee ea ee laa YORK cED ie 


ing and release time range, 0.015 to 0.150 sec and 0.025 to 
0.350 sec; contact capacity, 26 springs. Slow release model 
(d-c only) max operating voltage, 135 volts; operating and 
release time range 0.010 to 0.035 sec and 0.036 to 0.350 sec: 
contact capacity, 6 springs. Slow acting model (d-c only) 


max operating voltage, 300 volts ; operating and release time 
range, 0.008 to 0.055 sec and 0.035 to 0.350 sec; contact 
Relays mount with two 8-32 screws. 
1033 West Van Buren 


capacity, 6 springs. 
\utomatic Electric Sales Corp., 
Street, Chicago 7. 


ELECTRIC DIAPHRAGM VALVE 

Packless type of diaphragm 
gas valve is available for low 
or standard voltages; rated 
consumption is 5 watts. Stand- 
ard model and manual opening 
model is made with or without 
electric trip. Valve is designed 
for use with unit heaters, fur- 
naces and boiler systems which 
employ natural, manufactured, 
mixed and liquefied petroleum 
gases as a fuel. All body parts 
of die formed aluminum. Unit 
contains no packing glands or bellows. It is made in various 
sizes: two small sizes, 34 and 4 in. ips, measures 234 in. 
diam; two medium sizes, % and % in. ips, 3% in. diam; 
and three large sizes, 1, 14%, and 1% in. ips, 5% in. diam. 
Also available in packaged set with auxiliaries including 
snap-action thermostat (T-10), transformer of 9 va, and 
thermostat cable. General Controls Co., 801 Allen Ave., 
Glendale 1, Calif. 


PHENOLIC LAMINATE 


Cloth-base glass phenolic laminate (Grade 170) is claimed 
to have low water absorption, low power factor, and high 
flexural and impact strength as measured by ASTM 
methods. In addition to standard applications, laminate is 


Tensile strength, psi 
Flexural strength, psi 
Bonding strength, Ib. 
Impact strength 
flat, ft Ib/sq in. 
edgewise, ft Ib/sq in. 
Density 
Water absorption, per cent 
Dielectric strength (10° cycles) 
Power factor . 
Dielectric constant, vpm 
Loss factor 


said to be suited for equipment used in tropical climates 
and under high humidity, allowing for possible elimination 
of the required anti-fungus treatments. Important prop- 
erties are listed in table. Laminate will be produced in 
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Shielded Balanced 
300-Ohm Lead-in Cable 











Federals 


INTELIN K-l11l 


Minimizes Noise, “Snow” and “Ghosts” 
Due to Transmission Line Pick-Up! 





A MAJOR ADVANCE IN 
TELEVISION TECHNIQUE 


Developed by FEDERAL 


Offered Only by FEDERAL 
Patent Pending 
AVAILABLE IMMEDIATELY 
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Here is the development for which the industry has been waiting. 


It is a shielded, balanced 300-ohm line—Intelin K-111—developed 
and produced by Federal—and only by Federal. 


Tests have given positive proof that Intelin K-111 goes far toward 
solving the lead-in problem that has been a major obstacle to television 
progress. K-111 protects against transmission line pick-up of ignition, 
streetcar, fluorescent light, diathermy and practically every other type 
of noise, “snow” and “ghosts” which interfere with picture clarity. This 
new lead-in won’t pick up re-radiation from nearby lead-ins in urban 
areas. In rural areas, where signal strength is weak, Intelin K-111 pro- 
vides greatly improved reception by reducing the noise level. 


Now manufacturers can obtain a lead-in that protects the quality 
performance they build into receivers of 300-ohm input impedance. 
Antenna kit makers can greatly improve their products. And, by chang- 
ing to Intelin K-111, servicemen can call a halt to many of the customer 
complaints that take the profit out of service policies. 


Intelin K-111 is also recommended for a pick-up-free connection 
between antenna post and input stage of FM and TV receivers—and for 
test equipment and other HF applications. For information, write to 
Department D-116. 


Federal Telephone and Radio Corporation 





SELENIUM and INTELIN DIVISION, 900 Passaic Ave., East Newark, New Jersey 


KEEPING FEDERAL YEARS AHEAD... is IT&T's world-wide 


research and engineering organization, of which the Federal tn Canada: - Pedered Gleaste Gin | Utd., Montreal, P. Q. 
Telecommunication Laboratories, Nutley, N. J.. is a unit. nutecturing Company nel 


Export Distributors: - international Standerd Electric Corp. 67 Broad St., N.Y 
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HE transmission of photographs by 

wire and radio is accomplished by a 
series of meticulously accurate and miraculously 
synchronized vibrations. Fidelity of reproduction 
demands that there shall be no competition with 
outside vibrations. 

Acme Telephoto has solved the problem through 
the use of a LORD Vibration Control System. Its 
stationary Trans-ceiver models are mounted on Lord 
Tube Form Mountings. Light stationary and porta- 
ble units are mounted on Plate Form Mountings. 
Machines used on board warships of the U. S. 
Navy are supported by Lord Plate Form Mount- 
ings on bars which are again supported on Lord 
Plate Form Mountings. 

Whether your product needs protection and iso- 
lation from outside vibratory forces or control of 
vibration created by its own movements Lord 
engineers can help you. 


See our bulletin in Sweet’s 1949 File for 
Product Designers or write for Bulletin 
900 today. It describes the complete 
line of Lord products and services. 


LORD MANUFACTURING CO., ERIE, PA. 


Canadian Representative: Railway & Power Engineering Corp., Ltd. 


THC me ime Det 








standard sheets of 36 x 36 in. and 36 x 48 in., natural color, 
semi-gloss finish, thickness ranging from %2 to 2 in., with 
standard NEMA tolerance for grade G-3. Panelyte Divi- 
sion of St. Regis Paper Sales Corp., 230 Park Avenue, 
New York 17. 


LAMP BALLAST 


Constant voltage principle employed in 75 watt ballast 
for slimline lamps is said to provide protection against 
fluctuating line voltages. Ballast is designed for operating 
two 75 watt, 96 in. lamps. Features include low wattage 


loss, efficiency approximately equal to present type ballasts 
using preheat starter circuits; constant wattage regardless 
of primary supply voltage variations from 100 to 130 volts; 
and low noise level and cool operation. Overall dimen- 
sions are 2% in. high x 3% in. wide x 11% in. long; weight 
is 11 lb. Sola Electric Co., 4633 West 16th Street, Chicago. 


CENTRIFUGAL SWITCHES 


Pilot circuit type of centrifugal switches in explosion- 
proof enclosures are designed to meet Underwriters Speci- 
fications for use in Class I Group D and Class II hazardous 
atmospheres. They are used as overspeed, underspeed, zero- 
speed plugging, and conveyor interlocking switches. Avail- 
able with 1 or 2 circuits with contact arrangements nor- 
mally open, normally closed, 1 normally open and 1 nor- 


mally closed, both open, or both closed. Switches are de- 
signed for a maximum driven speed of 3600 rpm. Switches 
may be adjusted to open or close their contacts within the 
range of 150 to 2400 rpm. Differential between opening 
and closing of contacts varies from 3 to 15 per cent, depend- 
ing upon adjustment. Maximum overall dimensions of 
complete unit are approximately 9 in. x 9% in. x 6% in. 
Other types of enclosures are available. The Euclid Electric 
& Mfg. Co., 54 Edwards St., Madison, Ohio. 


CARBON RESISTORS 


Line of carbon resistors (High Stability) developed by 
foreign concern for use in radar and communications equip- 
ment is now available in quantity. Resistors are intended 
for audio applications involving low circuit noises. Ratings 
of resistors are 4, %, 1 and 2 watts in 1 per cent tolerance, 


also in 2 and 5 per cent tolerances. Resistors are available 
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Every problem of vibration and loosening of parts of requirements. The booklet illustrated here 
calls for careful study to find just the right answer. contains much useful data and should be helpful 
“National” engineers have encountered just in determining type, size and cost of lock nuts 
about every type of problem, and our line of Lock for a given application. A copy will be sent 
Nuts is designed to meet an unusually wide range on request. 


For heavy duty — National’s “Drake” Lock Nut withstands 
severe stress, shock or vibration. A two-piece, positive lock 
for use on rugged, heavy equipment, where size and weight 
are not a factor. 


To withstand shear only —National’s “Dynamic” Lock Nut 
is a thin, lightweight nut with diaphragm lock, for use 
where clearance is a factor and where strains are in 
shear only. 


For shock-loading or vibration, even under heat, oil or 
moisture, National’s ““Huglock” Lock Nut is a one-piece, 
all-metal lock nut. Easily installed, it grips the bolt threads 
and maintains locking effect whether seated or not. 


ee ™ For effective, low-cost locking. National’s “Marsden” Lock 

Other “National” products: Nut is a one-piece, cantilever action type, easily applied, free 

HODELL CHAINS, running until seated. For the most complete line ania 
CHESTER HOISTS. and special fasteners, come to “National”. 


NATIONAL SCREW & MFG. CO. 
Cleveland 4, Ohio 


Pacific Coast: National Screw & Mfg. Co. of Cal. 
1649 18th Street, Santa Monica, Cal. 


EMA AC A 
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GUESS 


a 
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Do you recognize these HOLTITE 


fastenings? 


Guess what industry uses each of 
them, 


Check yourself by the list below. 


CONTINENTAL 


makes them all and thousands more 


qa Of all the 400,000 varieties of fastenings that 

literally hold our industries together, Continental 
makesa large proportion marketed under the famous 
HOLTITE trade name. Most of them are standard 
— screws, nuts, and bolts for every use in every industry. 
Others like the well-known HOLTITE-Sems and HOLTITE- 
Phillips screws are patented specialties and the famous 
HOLTITE-Thredlock, Locktite and Tap screws 
were first designed and produced by Continental. 
Sometimes a fastening engineered by HOLTITE for one 
industry finds an unexpected use in another. Often a 
HOLTITE-Engineered fastening will replace several parts 
that a manufacturer is using. Discuss your fastening re- 
quirements with a Continental Sales-Engineer. He will 
focus om your requirements all the broad industrial- 
fastening experience and ingenuity of Continental. Remem- 
ber Continental is constantly improving HOLTITE 
products, lowering & their cost and broadening service. 


ENGINEERED FASTENINGS FOR PRODUCT ENGINEERS 


A. HOLTITE-Phillips Type “H” Brass Tap (coarse thread— 
patented slotted point) Screw designed to eliminate taps and 
tapping operations in fastening polystyrene refrigerator 
assemblies. 
B. Hex-head lag screw, a special development for fastening 
metal to wood in aircraft assemblies. 
C. Special shaped screw to hold sections of home utensil in 
alignment by small lug at end of thread. Assures proper as- 
sembly of utensil after cleaning. 
D. HOLTITE-Phillips Set Screw, used in assembling glass 
panel store fronts. Eliminates driver damage to costly pol- 
ished panels. Screws made of Aluminum, Stainless Steel 
or Silicon Bronze to prevent staining. 

This Trademark 


HOWrITz 


T. M. REG. U.S. PAT. OFF. 
meons made by — 


CONTINENTAL 


ascREW COMPANY —~—7 


NEW BEDFORD, SS., U.S.A. 
1904 RD, MASS., U 
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from 100 ohms to 50 megohms in 1 per cent tolerance of 
resistance, wider ranges in a 5 per cent tolerance. Element 
in resistor is a film of carbon deposited on a porcelain tube, 
treated and fitted with brass caps containing soldered 
terminals; it is given several coats of silicone (containing 
lacquer) for mechanical and moisture protection. Lacquer 


coating is said to withstand temperatures up to 150 C, and 
capable of dissipating full power rating in ambient tem- 
peratures of 100 C. Temperature coefficient of resistance 
is approximately 0.02 per cent per C. Characterized by low 
noise level which is said to approach that of wirewound 
resistors. Welwyn Electronic Components, Inc., 234 East 
46th Street, New York 17. 


D-C, A-C CHOPPER 


Low current d-c, a-c hermetically 
sealed electromechanical chopper, 
rectifier and square-wave generator 
(Type 240) is designed for opera- 
tion at 0.050 amps or less in the 
range of 10 to 500 cycles. It is in- 
tended for use in servomechanisms, 
thermocouples and other low level 
applications. When used as a chop- 
per, it will convert pure d-c into 
pulsating d-c or a-c so that output 
of thermocouples or other low-level 
d-c sources may be amplified by 

means of an a-c rather than d-c amplifier. As a square- 
wave generator it will produce square waves in the range 
10 to 500 cps. SPDT contacts are rated at 0.050 amp, 50 
volts d-c; resistive or inductive load. On inductive loads, 
current and voltage on contacts at instant of break should 
not exceed 0.050 amp, 110 volts. Nominal voltage ratings 
of four different coils are 6, 12, 18 and 26. High-permeabil- 
ity steel container and electrostatic shield around coil are 
grounded. Phase shift at rated voltage is 60 deg at 60 cycles 
and 105 deg at 400 cycles. Stevens-Arnold, Inc., 22 Elkins 
Street, South Boston 27. 


LACQUER PROTECTIVE COATING 


Lacquer finish (Lacquer Dimenso) gives a two-tone ham- 
mered finish in single application. Finish is suitable for 
use on wood, metal or plastics surfaces of products that will 
be subjected to high temperatures in service. Lacquer was 
formulated for manufacturers without baking facilities. It 
is applied by spraying and air dries hard in approximately 
20 min. Manufacturer states that primers are not essential 
if surface is properly degreased and cleaned. Furnished in 
aluminized and regular colors. The Sherwin Williams Co., 
Industrial Division, 1305 Terminal Tower, Cleveland 1, 
Ohio. 


SILICONE RUBBER PRODUCTS 


Silicone rubber formulation (X-7) is said to have in- 
creased resistance to permanent compression and greater 
tensile strength than former types. Material is claimed to 
resist chemical action of lubricating oils. It is suitable for 
dielectric applications and retains its elastic properties 
within wide temperature ranges. Silicone rubber com- 
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Can you afford a switch 
that isn’t dependable 





















yut 
vel D 5 ; ; 9 cS . 
tas ENGINEERING DATA SHEETS esign engineers who specify Mallory RS switches know they are getting the best 
a Send for the Mallory Engineer- that substantial construction and precision manufacturing can produce. They 
a ing Data Sheets on the RS know that Mallory RS switches protect their good name because they provide 
5 series. They contain complete maximum long-life and efficient dependable service. 
50 specifications for available cir- 
al cuit combinations with respec- Mallory RS switches are available with cam and ball type index assembly, or with 
‘ld tive eee locations, a positive indexing hill-and-valley double roller type index assembly. 

iona arawings — ev eryt lng 
gs a aaa as These are the features that make Mallory switches famous for dependability and 


quality. All are advantages of extreme importance in television and high frequency 
applications where stability i is essential. 


. SPECIFICATION SHEETS 



















a: Specification sheets for all RS sear : ’ 
les switches have also been pre- e Insulation of high-grade, low-loss laminated phenolic. 
ns y»ared. These sheets are printed e Terminals and contacts of special Mallory spring alloy, heavily silver-plated to insure 
I ; I " n 3} y spring I 
on thin paper to permit long life at low contact resistance. 
blueprinting. The sectional e Terminals held securely by exclusive Mallory two-point fastening—heavy staples 
drawings indicate standard and prevent loosening or twisting. 
optional dimensions—make it ud ’ i ; : ; : 
e Double wiping action on contacts with an inherent flexing feature—insures good 
easy for you to order pro- : ; : 
m- electrical contact with the rotor shoes throughout rotation. 
duction samples built to your a : ; 
or requirements. e Six rotor supports on the stator—insure accurate alignment. 
ill e Brass rotor shoes, heavily silver-plated—insure low contact resistance. 
as There is a Mallory switch to fit your e All shoes held flat and securely to phenolic rotor by rivets—prevents stubbing— 
It design — write for further details. insures smooth rotation—minimum of noise in critical circuits. 
ly a ° + . 
al Precision Electronic Parts — Switches, Controls, Resistors 
in 
0., SERVING INDUSTRY WITH 
l, 
aad MALLORY & CO.,inc. : Capacitors Rectifiers 
& Contacts Switches 
al Controls Vibrators 
er Power Supplies 
to ° . . 
a Resistance Welding Materials 
es 
Be P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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Hermetically sealed units for 
enclosure of midget and indus- 
trial control relays. Plug-in or 
solder lug terminal type up to 4 
PDT. Any ADVANCE relay can be 
furnished in hermetically sealed 
containers on special order. 


Tamper-proof and protected from dust, 
moisture, oil or fungus. Failure - proof 
against arcing, or condensation in low 
atmospheric pressure of high altitudes, 
ADVANCE relays maintain their original 
efficiency under conditions that soon ruin 
or dangerously impair other types of 

relays. * Built to Army and Navy 

specifications on request. 


~ 


™~. 


Write for catalog of 
complete relay line. 


ADVANCE ELECTRIC & RELAY CO. 


1260 WEST SECOND STREET * LOS ANGELES 26, CALIFORNIA 


TRY THIS UNIQUE IRON NOW! 


ne ion Out BOG 
Soldetron 


with the 
Tr. Mark Reg., Pat. Pend. 


Ideal For Light or Heavy Work 
Heats Rapidly from Cold Start 


e@ LIGHTWEIGHT (3 ozs.). 


e@ FINGERTIP CONTROL permits 
long hours of soldering without fatigue. 


Though it weighs only 3 ozs, “Soldetron” 
can do the job of a 200 watt iron. 


@ Ideal for precision work in “hard-to- 
reach” places. 


e Interchangeable tip-heads; no cleaning 
or filing. 


© Retains heat with 
switch off up to 
1 minute. 

@ COOLGRIP bake- 
lite handle, cork 
covering. 

Operates on 110 V A.C., 50-60 cycles, through transformer supplied 

with iron, or 6-8 volt A.C. or D.C. without transformer (from an 

automobile battery. ) 
PRICE: with transformer and 1 tip-head, $13.95 
Also available without transformer 
5% higher west of Miss.; fair traded. 


Manufacturers: Order sample unit. test its areat efficiency! 


TRANSVISION, INC., NEW ROCHELLE, N. Y. 
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pound is available in gasket, diaphragm, washers, packings, 
tubings and other extruded shapes.’ Intended uses are in 
handling hot or cold fluids and gases. Indicated also for 
use on electric irons, industrial ovens, electrical heating 


apparatus, transformers and refrigeration and air condi- 
tioning equipment. Stalwart Rubber Co., 160 Northfield 
Road, Bedford, Ohio. 


MINIATURE TRIODE 


Miniature 7-pin triode amplifier (Type GL-5610) is in- 
tended for operating relay used in heating control circuits 
or in other industrial applications. Under maximum ratings, 


plate voltage is 300 volts and plate dissipation 3.0 watts. 
Typical operating characteristics as Class A amplifier are: 
heater and plate voltage, 6.3 and 90 volts; plate current, 
17 ma; and plate resistance, 3,500 ohms. Tube measures 
¥% in. diam x 2% in. long; seated height is 1% in. General 
Electric Co., Electronics Park, Syracuse, N. Y. 


INTERVAL TIMER 


Multipurpose interval timer (Type IG) designed to be 
manually turned on, run for a preset time and stopped auto- 
matically is available in one or two single pole, double 
throw switches. It is intended for built-in applications in 


microfilming equipment, hair waving machines, laundry 
dryers, therapeutic machines, extractors, ovens, and other 
similar uses. Timer consists of self-starting synchronous 
motor which operates an enclosed dust-tight snap switch 
through a cam and actuating arm. Manual setting of point- 
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TTT High Production TEE, 


® To Warco engineers the term 
“High Production Press” does not 
mean merely a press that is 
geared to operate at a great num- 
ber of strokes per minute. It 
means a press capable of produc- 
ing a great number of stampings 
accurately and continuously at 
high speeds with a minimum of 
maintenance. 


Features — such as the following 
— make Warco the most popular 
High Production Press in the field. 


Rugged welded steel frame fully 
stress-relieved and designed for ut- 
most rigidity 
- Square gibbing with hand-scraped 
bronze liners fitted to close tolerances, 
assuring accurate alignment 
. Full eccentric shaft with extra long, 
rigid supporting bearings 
Barrel type oversized adjusting 
a é screw, with short, rugged one-piece 
all Pitman assuring stiffness in 
’ The Warco Precision Double Roll Feed connection 
has been designed for the high-speed . Lightweight slide and air counter- 
operation required in conjunction with balancing to reduce shock of “break- 
Warco High Production Press, and in- through” 
corporates the following features: . Automatic oil lubrication to all wear- 
1. All moving parts of feed are designed ing surfaces 
to keep the weight to a minimum . Variable-speed Drive 
consistent with strength and rigidity Warco pneumatic friction clutch and 
requirements. This results in greater brake 
feeding accuracy . All adjustments conveniently located 
. Infinite variation in feed lengths from and easily made 
zero to maximum . Die space accessible from both front 
- Synchronized scrap shear, if required and rear, providing ideal conditions 
. Height of feed line easily adjustable for setting dies 
- Stock oiler “built in” . Provision for installing die cushions 
Feed rolls hardened and ground if required 


Resistance Welders for Every Application « Presses from 50-Ton OB! to 2000-Ton Double Action 


~tederal= 


WELDERS 
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er closes motor circuit and starts timing. Eleven different 
time ranges are provided, from 15 sec. to 24 hr. Friction 
clutch in motor gear train permits manual shutting off of 
timer or extending timing cycle during operation. The 
“hold position’, optional on two pole unit, permits switch- 
ing on of load circuit without starting timing cycle. Unit 
is available in 6, 12, 24, 115 and 230 volts, other voltages 
on request. Approximate dimensions are 25% in. x 3% in. x 
2% in. deep. The R. W. Cramer Co., Inc., Centerbrook, 
Connecticut. 


CO-AXIAL TWEETER ADAPTER 
High fidelity co-axial tweeter adapter (Model 4407) is 
said to permit reproduction of all frequencies up to the 
limit of audibility. Tweeter adapter is intended for FM 
or AM receivers, reproduction of transcriptions, and com- 
mercial phonograph records and broadcast studio monitor- 
ing. When used in conjunction with an efficient permanent 


COTO-COIL WINDINGS magnet or field excited 12 in. cone speaker adapter is 


claimed to provide a range from the lowest frequency of 
cone speaker to approximately 15,000 cycles. A filter is 


Con trol Con tin uo us available for shunting frequencies below 2,000 cycles to 


the cone speaker. University Loudspeakers Inc., 80 5S. 


Kensico Ave., White Plains, N. Y. 
RETAINER FOR FASTENER 


Spring steel retainer (Speed Grip Nut Retainer) for 
fastening of square nuts to sheet metal panels is easily 
ging 2 tons of coal a minute, Coto-Coil Windings snapped into place by hand or screw driver. It is well 


energize the controls which keep the machines in suited for blind location attachment. Retainer is bent to 


Coal Mining Machines 


In 25-foot long mechanical monsters capable of dig- 


continuous action. 


Far underground where dampness combines with 
grinding vibration and mechanical shocks to play 
havoc with them, Coto-Coil Windings have fulfilled 


all requirements where others failed. 


If your product calls for coil 
windings to meet usual . . . or 
unusual requirements, we shall 
be glad to serve you. 


form a loose fit over the standard threaded nut. Two sides 
of grip are open, with two small lips bent to retain nut 
which is held in a floating position to allow for slight mis- 
alignment. Unit is mounted on panel by inserting one prong 
into square hole and snapping other prong into place by 
applying pressure to it. It is preassembled as a unit and 
available in a complete range of sizes. Tinnerman Products, 
Inc., 2042 Fulton Rd., Cleveland 13. 


SILICONE GLASS LAMINATE 


Silicone-glass laminate (Phenolite Gr. G-7-830) made 
from fine weave continuous filament glass fibre and silicone 
resin is said to have good mechanical strength, low elec- 
trical losses at r-f and higher resistance to elevated tem- 
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what Py 
» | COPPER 


have 

you 

for these 
new 
metallic 
colors? 


LUSTREX: 


Think of the opportunities these new ma- 
terials open up for you: to create new 
sales appeal for your present items; to 
harmonize with metal parts; to get a 
metallic appearance at plastics’ low cost. 

You’ve had polystyrene in metallic 
colors before but not with the perform- 
ance of these new Lustrex formulations... 
low cost, good strength, excellent mold- 
ability, and the metallic sheen of copper, 
silver, or bronze. You get all the advan- 


tages of Lustrex with the realistic me- 
tallic colors that make these materials so 
well suited for so many jobs. 


And best of all... you pay no premium 
price. Copper, Silver, or Bronze Lustrex 
is available now at regular prices. 


See your Monsanto representative to- 
day, or use the coupon below to get sam- 
ples and full information on metallic 
Lustrex. 


FOR A BIGGER DOLLAR'S WORTH, BUY AND USE MONSANTO PLASTICS 


MONSANTO CHEMICAL COMPANY, Plastics Division 
Dept. EMP-16, Springfield 2, Mass. 


Please send me test samples and full information on metallic Lustre«. 
Name Title 

Company 

Address 


+ 
City Zone State 


a 
SERVING INDUSTRY... WHICH SERVES MANKIND 
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AL.."FINEST HEX- } 
SOCKET SCREWS & 
Buy" 


Allen stands for special Allenoy steels, for complete 
facilities for threading by any method, for the latest 
forming and heat-treating techniques, for quality 
control, and advanced engineering. You get all these 
advantages in one package, if you make sure that 
package is the new black Allen package with the 
silver stripes. 


If the shelves in your distributor’s hex- 
socket screw section display row on row 
of the new, distinctive black box with 
the silver bands, you know you’re get- 
ting genuine Allens not just Allen-type 
hex-socket cap and set screws. 


artford 2 Siadeetleet. USA 


NEW YORK, CLEVELAND, DETROIT, CHICAGO, LOS ANGELES 





peratures than other types of laminates. Laminate is in- 
tended for use in such as the electrical applications requiring 
close tolerance for insulation in high temperature rotors 
and motors. Some of the important properties are listed in 


Tensile strength (1% in.) lengthwise, psi......... ...19,000 
Flexural strength (}% in.) lengthwise, psi......... ..44,000 
Compressive strength (14 in.) flatwise, psi . .. 46,200 
edgewise, psi. ..19,300 
Bonding strength (0.5 in.), lb. . ee 
Water absorption (1% in.), 24 hrs at 25 C. ..0.15% 
Power factor (1% in.) 10° cycles, 25 C. .0.0012 
Heat resistance at 200 C (% flexural I strength) 14 } days. .95 
Dielectric constant (10° cycles). . ..3.90 
Insulation resistance (3g in.) 2 x 3 in. . specimen, 
3% in. tapered pins, 1 in. centers 
D-96/50 megohms. . Sb cme hha kere ate 
C-96/30/96 megohms ..........-...-.-.-. y 
Dielectric strength (44 in.) 
perpendicular (short time), sorte 
parallel (JAN), kv. ae 
Arc resistance (1¢ in.) ‘AST M, sec. 


table. Color available, natural cream only with semigloss 
finish. Available sizes 36 x 46 in. and 23 x 36 in.; thickness 
range, 0.015 to 0.50 in. National Vulcanized Fibre Com- 
pany, Wilmington, Delaware. 


AVC ELECTRIC CABLE 


Complete line of flame and heat resisting asbestos-var- 
nished-cambric (AVC) electrical wires and cables for ship- 
board applications is available. Cables meet AIEE standards 
and are designed for use on ships’ power, lighting, tele- 
phone and communication circuits. The impregnated felted 


asbestos and varnished cambric insulation is protected by 
an impervious synthetic sheath in addition to the basket 
weave metallic armor. Cables are said to be lighter in 
weight and easier to handle than the conventional lead 
sheathed type. Rockbestos Products Corp., New Haven 4, 
Connecticut. 


PLASTICS TUBING 


Flexible plastics tubing (Temflex 105) is suitable for 
continuous duty at temperatures up to 105 C. It is char- 
acterized by good resistance to mineral and coal tar solvents 


Tensile strength, psi (ASTM D 638-46T) 3,000 
60 days at 113 C .... 3,200 
90 days at 105 C ; 3,000 

Minimum elongation at break 

(ASTM D 638-46T) . 300% 

60 days at 113 C 315% 
90 days at 105 C 300% 

Low temperature flexibility 40 C 

Power factor, 60 cycles, 25 C, 

(ASTM 150-46T) .... 5.2% 
Moisture absorption 0.55% 
Dielectric strength—vpm (ASTM 876-46T ) 1,200 

24 hr water 1,000 

Dielectric constant, 60 cycles, 25 C 

(ASTM 150-46T) 11.7 


and oils such as used in transformers. Tubing is said to 

be unaffected by 50 per cent sulphuric acid or 30 per cent 

sodium hydroxide solutions. Other physical characteristics 
(Continued on page 160) 
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REFRIGERATOR FLUES — Designed ond 
made by Woodall of special fibre boards 
- « reduces costs . . . does a better job 
- on excellent example of odoptetion 

of proper materials. 


SPOOL ENDS — Engineered 
. § and made by Woodall .. . 
A practical, economical 
Presdwood application . . . 


lightweight, inexpensive, dur- TELEVISION BACK — Designed 
b ond by Woodall. . . 


Presdwood holds unit costs 
down. 


tonal qualities, durability, ap- 
pearance and low cost. Finished 
in beoutiful wood grains, decora- 
tive fabrics or in any combination 
of color and pattern to suit indi- 
vidual requirements. 


: ia eh fle re —— - RADIO CABINET—Designed ond 

i ‘ a on - made by Woodall of various ma- 

Soy s wf edie ~ terials specifically selected for 
are bere YS ; eS ay 7 


AIR FAN — Engineered and mode by 
Woodall of Masonite Presdwoods .. .« 
lowers costs . . . quiet and efficient . . . 
static-free . . . another exomple of using 
materials best for the purpese. 


= Ithas been proven by many of the nation’s manufacturers in varied industries 
that costs can be cut considerably by using the material fabricating services 
of Woodall Industries for product pieces, parts and sub-assemblies. A few 
examples are shown above. There are scores of others where the materials 
selected and the fabricating techniques of Woodall have effected marked 
economies in unit production. 

You'll find Woodall fabricated materials in automobiles, radios, refrigera- 
tors, trains, boats, washing machines, furniture and hundreds of other 
products of all kinds and sizes. 

With 29 years of product and material engineering and research, skilled 
personnel and highly specialized equipment, and six plants geared for mass 
production, Woodall is in an excellent position to supply you with eco- 
nomical, practical parts for your products. It will pay you to find out how 
Woodall can help you cut your production costs. .. . Call or write WOODALL 
INDUSTRIES, INC., 7567 McNichols Road, Detroit 5, Michigan. 


WoopDALL_ |[NDUSTRIES [NC. | 


Plants in: LONG ISLAND CITY, N. Y.—CLEVELAND, OHIO—DETROIT, MICH. 
MONROE, MICH.—CHICAGO, ILL.—LAUREL, MISS. 
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MERCURY Ae 


THE MOST IMPROVED TYPE IN 
MERCURY ao. SWITCH 
CONSTRUCTION. 
' Mercury switches il the registered 
‘ trade mark name of ‘‘Mercoid"’ are not sub- 
‘ ject to open arcing, oxidation, corrosion, 
! pitting or sticking of the contacting surfaces. 
’ 


There are numerous apphcations where these 
switches have a definite advantage over the 
open contact type switches. 


‘ 

; 

' 

‘ 

: 

| Mercoid switches are available to the trade 
§ in various designs, sizes and capacities. 
: 
' 
' 
‘ 
‘ 
' 


Our engineers gladly offer their assistance 
in the adaptation of our switches to your 
switch problems. 


MERCOID 


SOLVES INDUSTRY'S AUTOMATIC CONTROL PROBLEMS 


Designed to automatically 
regulate electrically oper- 
ated equipment in accord- 
ance with changes in tem- 
perature, pressure, vacu- 
um, fluid level or mechani- 
cal movement. 


For further information see catalog No. 600 


THE MERCOID CORPORATION 
4227 West Belmont Avenue, Chicago 41, Illinois 


MANUFACTURERS OF AUTOMATIC CONTROLS FOR HEATING, AIR 
CONDITIONING, REFRIGERATION AND NUMEROUS “INDUSTRIAL 
APPLICATIONS. ALSO MERCOID BRAND MERCURY SWITCHES. 





TRACING CLOTH 
FOR HARD PENCILS , 


A 


@ Imperial Pencil Tracing Cloth has the 
same superbly uniform cloth foundation 
and transparency as the world famous 
imperial Tracing Cloth. But itis distinguished 
by its special dull drawing surface, on 
which hard pencils can be used, giving 
clean, sharp, opaque, non-smudging lines. 

Erasures are made easily, without 
damage. It gives sharp, contrasting prints 
of the finest lines. It resists the effects 
of time and wear, and does not become 
brittle or opaque. 


IMPERIAL PENCIL 
fori drowingr onwet ™ 6TRACING CLOTH 


SOLD BY LEADING STATIONERY AND DRAWING MATERIAL DEALERS EVERYWHERE 


6g 
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are given in table. Tubing is made in 36 sizes ranging 
from 0.022 in. to 2.000 in. ID, in tolerances conforming to 
ASTM D-922-47T. Coil lengths 50 ft and above. Fur- 
nished in black, green, white, yellow, red and blue. Irvington 
Varnish & Insulator Co., Irvington 11, N. J. 


Laboratory and Engineering 


Equipment 
SWEEP SIGNAL GENERATOR 


Sweep signal generator (Model SG) for television and 
FM has frequency coverage from 0 to 227 mc with no band 
switching, sweep width from 0 to 12 mc completely variable, 
and calibrated built-in marker generator. Other features 
include frequency calibrated dial, crystal controlled output 
for controlled frequency from 5 to 230 mc, output impedance 
of 5 to 125 ohms, sound and video i-f alignment, r-f for 


alignment of traps for i-f channels when d-c voltmeter is 
used for indicating, shielded and filtered power supply, 
phasing control incorporated in generator, and others. 
Generator operates from 105-125 volt, 60 cycle supply; 
power consumption, 35 watts at 115 volts. Sweep fre- 
quency is 60 cycles. Overall size of unit 8 in. x 10 in. x 
12 in.; weight is 20 lb. Transvision, Inc., Department E.M., 
New Rochelle, New York. 


CAPACITANCE METER 


R-f capacitance meter (Type 1612-A) is designed for 
rapidly measuring and testing small capacitors up to 1200 
mmfd which are used in radio-frequency equipment. Meter 
is suitable for laboratory as well as for production testing 
by devising simple test jig. Measurement is made by a sub- 
stitution method, that is, capacitance of a calibrated air 
capacitor is reduced to re-establish resonance after an un- 


known capacitor is connected. Resonance is indicated by 
maximum deflection of meter. Two ranges are provided, 
0 to 80 mmfd and 0 to 1200 mmfd; range switching is 
accomplished automatically as dial is rotated. Maximum 
meter deflection can be also used as an indication of loss 
in capacitors, thus a basis for rejection of high-loss capac- 
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THE KEESHOND comes to 


Miata ania us from the Arctic, via 


Holland where he is very 


OE OIA popular. A close relation 


of the Chow and the Es- 
kimo Dog, many consider 
him more beautiful than 
either, with his heavy 
coat of silvery gray with 
black tips. 







Experienced Buyers look at the Pedigree— 


Buyers of Boxes, too! 
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CERTIFICAT eet O) 


OF BOX MAKER\ 
THIS BOX CONFORMS TO” s 





| 


UNION Corrugated 


BOX with a pedigree has out- 
standing reputation and re- 
sources behind it. That’s why— 


Procter & Gamble, makers of the 
famous Oxydol soap powder, trust 
their products to Union corrugated 
100% Kraft boxes. 


Experience of 75 years undisput- 
ed leadership in paper packaging 
goes into Union boxes. Every step 
in making, from tree to finished 
box, is quality-controlled by one 
management in America’s largest 
integrated pulp-to-container plant. 


Vast forest resources, four mod- 
ern box plants, and five of the nine 
largest paper machines in the world 
are your guarantee of consistent 
quality, consistent service and fair 
price, today and in the future. 


That’s the pedigree of Union 
boxes. That’s why, every month, 
more makers of famous brand prod- 
ucts are using them. 


ontainers 


UNION BAG s& Paper Corporation 


Principal Offices: WOOLWORTH BLDG., NEW YORK 7, N.Y. 
Corrugated Container Plants: SAVANNAH, GEORGIA + CHICAGO, ILLINOIS » TRENTON, NEW JERSEY 
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DESIGNED ESPECIALLY FOR 
TELEVISION MANUFACTURERS* 


Model 13837 


CHOKE 


5.5 H., 225 ma. DC. 70 ohms 

resistance. Size: 2%" x 24%" x 

3Y_" — Weight: 234 Ibs. 
PRICE—quantities of 500—$1.68 ea. 


Special quotations for 
larger quantities. 


*Changes in specifications will 
be made to meet individual 
manufacturers’ requirements. 


PEERLESS ELECTRICAL 
PRODUCTS DIVISION 


6920 McKinley Ave., 
Los Angeles 1, Calif. 


161 Sixth Ave., New York 13, N.Y. 


FF" those small insulators 
requiring high dielectric 
and mechanical strength — 
specify LAVITE, the rugged. 
close-grained steatite ceramic. 
May be machined, threaded or 
tapped to close tolerances with- 
Ideal fon 
resistors, coil forms, capacitors, 
tube bases, bushings. etc. 
samples gladly furnished on 


out costly rejects. 


Test 


request. ° 


Va Sa CO 


Mode! 5678 


POWER TRANSFORMER 


Primary—115 volts 60 cycles 
Sec. No. 1—800 voits CT, 

225 ma. DC. 
Sec. No. 2— 6.3 volts, 8 amps. 
Sec. No. 3—6.3 volts, .6 amps. 
Sec. No. 4—5 volts, 3 amps. 
Sec. No. 5—5 volts, 2 amps. 
Size: 4°°x 5’x4 Yo'"—Weight: 11 Ibs. 
PRICE—quantities of 500—$5.72 ea 


Special quotations for 
larger quantities. 


LANSING CORPORATION 


Frazar & Hansen, 301 Clay St., 
San Francisco 11, Calif. 
Exclusive Export Agent 





itors when compared to a standard sample. Meter operates 
from 115-volt a-c or d-c power supply. Dimensions are 
12 in. long x 65 in. high x 7% in. deep. General Radio 
Co., 275 Massachusetts Avenue, Cambridge 39, Massachu- 
setts. 


IMPEDANCE BRIDGE 


Universal impedance bridge (Model 100) is a small self- 
contained instrument designed for impedance measurement 
from 1 ohm to 1 megohm by the two-null method. In the 
impedance-limit positions it is capable of measuring capac- 
itance from 100 mmfd to 100 mfd, inductance from 100 
micro-henry to 100 henries and resistance from 1 ohm to 


1 megohm. Instrument includes a high-stability oscillator 
set at 1590 cycles; frequency selected simplifies calibration 
of the main impedance scale. Magnitude and phase are 
nulled independently of each other. Transformer ratios can 
be measured up to 200. Overall dimensions are 3 in. x 
7 in. x 8% in.; weight is 5 lb. Accuracy is within +2 per 
cent over most of the range. VFB Line Corporation, 702 
Anneslie Road, Baltimore 12, Md. 


WIDE-RANGE SWEEP GENERATOR 


Wide-range sweep signal generator (Series E-400) 
offers wide and narrow band sweep selection for FM and 
television alignment and service. Unit offers continuous 
frequency coverage from 2 to 240 mc in five bands, con- 
tinuous band-sweep direct reading from 0 to 1 me and 0 to 
10 mc. The circuit employs a 6J6 reactance-modulated 
oscillator, frequency mixer, and rf amplifier and marker- 
mixer amplifier; 6C4 low-frequency and high-frequency 
fixed oscillators, and multi-frequency crystal marker oscil- 


lator; VR-105 voltage regulator; and 6X5 full-wave recti- 
fier. External amplitude modulation input terminals afford 
direct means for AM of complete r-f range with or without 
FM. External deviation input terminals offer direct facility 
for operation at desired frequency. Overall dimensions 10% 
in. x 12 in. x 6 in. Precision Apparatus Co., Inc., 92-27 
Horace Harding Boulevard, Elmhurst, New York. 
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You can’t expect operators of electrical machines, 
apparatus and appliances to “baby’’ the power cables 
and extension cords. They won't do it. Yet when a wire 
or cable wears out too soon, your reputation is at 
stake. That's why you must equip your products with 
wires and cables that ‘'can take it’’. 


That's why we build a lot of ‘‘abuse resistance” into NE 
wire and cable. You'll find, too, that from one source— 
National Electric—you can buy every type of insu- 
lated wire and cable you need including: 


INDESTRUCTO—Tough, durable Neoprene sheathed 


NEassestus—Asbestos and asbestos varnished 
cambric insulated 


NE’ON—Non-inflammable thermo-plastic insulated 
ABC—Steel armored cables 


—also wires and cables made to your specifications 


There's a lot of good-will-building properties 
in every NE wire and cable. Let us consult 
with you regarding the best NE insulated 
conductors for your products. 


——4a K/L. 
a E “ \ 
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1313 CHAMBER OF COMMERCE BLDG. 


PITTSBURGH 19, PA. 


For Inverting D.C. toA.C.... 


Specially Designed for operating A. C. Radios, 
Television Sets, Amplifiers, Address Systems, and 
Radio Test Equipment from D.C. Voltages in 
Vehicles, Ships, Trains, Planes and in D.C. Districts. 


New Models New Models 


AUTO RADIO 


VIBRATORS “A” BATTERY 
A Complete Line of Vibrotors . . . ELIMINATORS 
Designed for Use in Standard Vibrator- For DEMONSTRATING AND TESTING 
Operated Avto Radio Receivers. Built AUTO RADIOS 
with Precision Construction, feoturing New Models . . . Designed for Testing 
Geramic Stack Spacers for Longer Losting D. C. Electrical Apparatus on Regular 
Ufe. A. C. Lines. Equipped with Full- Wave 
Dry Disc Type Rectifier, Assuring Noise- 
less, Interference-Free Operation and 
Extreme Long Life and Relicbility. 


New DESIGNS) oP PTT ea Ue Co. 
Quality Droducts Since hes 


SAINT PAUL 1 MINNESOTA-U.S.A, 


William H. Martin becomes a vice president of Bell Tele. 
phone Laboratories, New York. Mr. Martin has been en- 
gaged in telephone research and development for the Bel 
System for nearly 40 years and has made noteworthy con- 
tributions to the development of telephone apparatus, 
Other changes include James W. McRae, director of elec- 
tronic and television research, who was named to succeed 
vice president Donald A. Quarles in charge of development 
of transmission, switching, and electronic apparatus. Mr, 
Quarles in addition to his duties as vice president has as- 


| sumed charge of staff functions. 


William H. Martin Albert F. Metz 


Albert F. Metz, formerly vice president and treasurer, was 


| elected president and general manager of The Okonite Co, 


Passaic, N. J., succeeding the late Frank C. Jones. Donald 
R. Stevens, previously a vice president was elected executive 
vice president and a member of the executive committee. 


F. E. Baker, formerly section engineering manager of 
Specialty Transformer Dept. of the Westinghouse Electric 


| Corp., has been appointed manager of the department. Mr. 


Baker will be responsible for development, manufacturing 


| and sales of transformers for control, radio and radar, 
| machine tools, electronic heating, and railway signalling. 


Robert C. Cassidy was appointed chief engineer for Uskon 
electrical heating panels, United States Rubber Co., New 
York. 


A. F. Fisher was made president of Telechron, Inc., Ash- 
land, Mass. He joined company in 1945 as manager of 


| engineering and manufacturing, was elected vice president in 


1946 and executive vice president in 1947. 


Thomas P. Wynkoop, Jr., retired Rear Admiral, U.S.N., 
was elected president of Radiomarine Corporation of Amer- 


| ica, New York. Mr. Wynkoop served in the Navy for 34 
| years, most of which time was on the construction and 


design of warships. Among the honors and awards received 
are the Navy Commendation Medal and the Legion of 
Merit. 


Henry T. Chamberlain has been elected president of 
Thompson-Bremer Co., Chicago, succeeding Arthur H. 
Thompson, who has been elected chairman of the board 
of directors. 


Henry P. Kalmus, until recently a member of the research 
laboratory of Zenith Radio Corp., was appointed to the 
staff of the National Bureau of Standards where he will 
conduct investigations in advanced electronic techniques 
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Ome MAGNET WIRE 


SERVICE LIFE 
OF YOUR 
PRODUCT 


The real test of your product is in the hands of your 
customers. It is the service performed for them ... the 
amount of punishment it can take... that keeps your 
product sold and brings repeat orders. 


Where magnet wire is a component, you can build 
that high quality and that long service life into your 
product by using Rome Magnet Wire. /t, in itself, is a 
quality product. From the rolling of the copper bar, in 
Rome’s own rolling mill, right through to application 
of the insulation, rigid inspection makes certain that 
copper conductors are free from all surface blem- 
ishes . . . all traces of oil or grease ... that the 
temper is dead soft, that the insulation is uniform and 
true to dimensional tolerances for accurate coil wind- 
ing requirements. 
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Rectangular 


Not only will Rome Magnet Wire give that lasting 
quality of dependable performance to your product, 
but its workability and ease of handling assure you 
of economical, trouble-free winding. 


Available with insulations of cotton, paper, Fiber- 
alas, and asbestos. 


The new Rome Magnet Wire Catalog is now on the press. 
contains complete information on Rome's Magnet wires as well as 
informative tables of specific interest to users of magnet wires 


Send for your copy. 
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| in the bureau’s Ordnance Research Laboratory. Mr. Kal- 
$77.50 Thermostat mus is known for his invention of the “Cobra” pick-up and 
= for the development of synchronized oscillators, radiation 


4 meter for measuring light densities and several others. He 
ie is a senior member of IRE. 





Replaces 
$250 


Chart shows the change oo 
ontro in the set point of a | Ltd., Sheffield, Eng., joining present company in 1934. He 
cenit emia. in was advanced to technical assistant to the vice president 


, in charge of sales in 1948. 
comparison to two other types 


I t ment of thermostat when Robert F. Smith, vice president and sales manager of The 
ns Yu subjected to a me- 


Indiana Steel Products Co., Chicago, has been appointed 
chanical shock of 100 G. to newly created post of vice president and general man- 


ager. Frank A. Hayden succeeds Mr. Smith as sales 
* e 
...and Eliminates 


Harrie T. Shea was elected president of Star Electric 
| Motor Co., Bloomfield, N. J., succeeding Elvin E. Hal- 
lander, who was elected chairman of the board of directors. 






| 

Appointment of Dr. G. V. Slottman as director of research 
| and engineering for Air Reduction Co., New York, has 
| been announced. Dr. Slottman served as chief combustion 





engineer and iron works manager for the United Steel Co., 







manager. 





COMPANY BRIEFS 





Maintenance Costs! 







Ward Leonard Electric Co., Mount Vernon, N. Y. has 
announced the establishment of a new branch office and 








. F | warehouse at 420 South San Pedro Street, Los Angeles 
BECAUSE the Fenwal Thermoswitch* is fast 13, Calif. 
... accurate... rugged...compact...easilyin- | ‘ Siiialite ionds sl 
arnes einecke, Inc., Chicago, has announced the 
stalled ...and the contacts are fully enclosed recapitalization of the design and engineering firm, and the 
by the temperature-sensitive shell! | appointment of Thomas W. Alder as executive vice presi- 


dent and treasurer. 

















As in this actual 
solution to a com- 
mon temperature 
control problem in 
the newspaper in- 
dustry, you too 











Formation of G-V Controls, Inc. at 28 Hollywood Plaza, 
East Orange, N. J. has been announced. C. D. Geer, for- 
merly vice president of Thomas A. Edison, Inc., West 


















| Orange, N. J. is president of new firm. Company will 
engage in the development and manufacture of electrical 
may make amazing | caael equipment 
savings in heat THER | control equi ; 
control. MOS 


“Reg. U.S. SWITCH P 


Mail Coupon Today t. Of. 





H. Belfield Co., Philadelphia, becomes a division of Min- 
neapolis-Honeywell Regulator Co., Minneapolis. Howard L. 
Murray, formerly president of H. Belfield Co., is to become 
vice president of the main company; no changes in per- 
sonnel are contemplated. 












FREE! Get this bulletin ... see what i ASSOCIATIONS AND SOCIETIES 


Fenwal Thermoswitch* can do for you. 


Just fill in coupon and mail... no obligation. ‘ 9 ° 
FENWAL INC., 51 Pleasant St., Ashland, Mass. i Stafford Receives NEMA’s Gold Certificate 


R. T. Stafford, assistant to 





























j>-ahepiapsaaenisiphanananbeaeniabenineenineieee Ni si pc cc cure the executive vice president, 

E Allis-Chalmers Manufacturing 

I tao chai hittsanipeninesieiliaa iat Seeeiihdepimiaeniial Co., was presented the National 
I erent i Electrical Manufacturers Asso- 
ia ia a OS Zone State ciation’s gold certificate in com- 
aia siecle soca nes aig chai 5s os mo MR gS 5 i seametating thie Giticth year is 

I am chiefly interested in the applications checked: the electrical industry. Mr. Staf- 

: i ford, a graduate of the Bliss 
HEATING PROCESSING HEATING School of Engineering, Class of 

i O Incubators 0 Canning D Limit switches & 1898, entered the employ of Buf- 
O Vulcanizing O Cooking O Oil burners falo Railway Co. (now Inter- 

i O Pasteurizing O Refining OC Hot water tanks F national Traction Co.) that same 
nl 4 + oonarory h one oo eens eas . left 

i 5 Ventilation CO Engines "Ooms ” emp — wi ; e ead 
0 Oui ; CO Motors CO Cabinets j attan Railway Co, New 

i auick Freesing O Transformers Liquid baths michesd ¥. Stelteod Y ork, during electrification of 
the “El.” In 1905 he joined the 

i OTHER (Please fill in your special requirements) & | Allis-Chalmers Manufacturing Co. and was active in sales 
engineering. He was transferred to Pittsburgh (1928) as 

e SORTER HEATHER EERE EEE E EEE EEEEEEEREOEE ESSE ESET EEEEEEEEEEEES ESTEE ESEEEEEEEEEEEEEES SEED SESE EEEEEEES i manager of the Pittsburgh Transformer Division and re- 
ce as i dl aia suid chsaceiapseddnabbuameesekeunneebunenentapnebebbabeiabin mained until 1947 when he was made assistant to the execu- 

é a a aioe essa pceblesikabusbbenrevodsandevensndnoosobineks i tive vice president. Among his contributions to the industry 


| are the divided protection gap for pole-type distribution 
transformer and the introduction of the cover bushing dis- 
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Universal motor vuseo 


cleaners, wheel balan- 
cers, air compressors, etc. 


A compact motor, particularly suit- 
able for computing machines and 
her types of motor-driven office 
gvipment. 


Compactly designed) motor developed 
for metering pum@ and special in- 
strument service. 


bel pump motor having space and 
weight saving design; suitable for 
many industrial uses. 


Compactly designed tur- 
bine . . . driven by a 
high-speed series motor 
. « « particularly adapt- 
able to the cannister type 
vacuum cleaner. 





































tribution transformer in this country. Mr. Stafford has 
served as chairman of the Transformer Section of NEMA 
and as a member of NEMA committees. He has been a 
member of NEMA board of governors for the past five 
years and is a fellow of the AIEE. 





Proposed Standard on Acoustical Terminology 


The new edition of the Proposed American Standard Acous- 
tical Terminology just published by the American Standards 
Association is being published for a period of trial study before 
its final approval. Standard was prepared by a committee of 
representatives comprising 33 national organizations, sponsored 
by the Acoustical Society of America under the procedure of 
the ASA. A combined Institute of Radio Engineers’ electro- 
acoustical committee and ASA _ subcommittee on acoustical 
















sure | 
Standord pres 
cas 5 to 250 pn high 
Dimensions 2% 



















”? A ° . ° 
x 1% ce coils with- | acTuat terminology was directly responsible for development of stand- 
x ng, moisture and con: SIZE ards. The proposed new edition contains three times as many 


terms as included in the 1942 approved edition. New edition 
densation ts pre ; . : 
Soft insert sects | consolidates the previous material and expands the electro- 
vent leckoge ded for re | acoustic terminology developed by the IRE. 
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THREE WAY - TWO POSITION 


CALENDAR OF MEETINGS 
TWO WAY - NORMALLY CLOSED 


ption 10 



















watts MOX ns to TWO WAY - NORMALLY OPEN Apr. 4-8—6S5th Semiannual Convention of Society of 
. con . . a » -~ we aaa = ~ 

F eacotion i Skinner will be pleased to make Motion Picture Engineers, Hotel Statler, New York. 

>A Also many specie recommendations on your partic- 


Apr. 11-12—Conference on the Industrial Application 
of Electron Tubes, American Institute of Electrical 
Engineers, Statler Hotel, Buffalo, N. Y. 


Apr. 11-14—Conference and Exhibition, National 
Association of Corrosion Engineers, Netherlands 
‘Plaza Hotel, Cincinnati, Ohio. 


Apr. 11-15—Western Metal Congress and Exposi- 
tion, Shrine Convention Hall, Los Angeles. 


handling pres 


850 psi viar design applications — they 
5 to 


have for hundreds of others. Write 
today for details and catalog. 


Scnwerevectric VALVE DIV. 


THE SKINNER CHUCK COMPANY 
130 Belden Ave., Norwalk, Conn. 


volv es for 
sures from 






































Apr. 11-16—Sixth Western Metal Congress and Ex- 
position, The American Society for Metals, Shrine 
Auditorium, Los Angeles. 





Apr. 19-20—Fifth Annual Meeting of the Magnesium 
Association, Edgewater Beach Hotel, Chicago. 


Apr. 19-21—Southwest District Meeting, American 
Institute of Electrical Engineers, Baker Hotel, Dal- 
las, Tex. 


Apr. 25-27—Fourth Annual Spring Meeting, Insti- 
tute of Radio Engineers and Radio Manufacturers 
Association, Benjamin Franklin Hotel, Philadelphia. 


Apr. 26—Second Conference on Electrical Engineer- 
ing Problems on Rubber and Plastics Industries, 
American Institute of Electrical Engineers Subcom- 
mittee on General Industry Applications, Hotel 
Portage, Akron, Ohio. 


Apr. 26-27—13th Annual Machine Tool Electrifica- 
tion Forum, Westinghouse Electric Corp., Buffalo, 


ne. 















May 3—Conference on Textile Industry Motor 
Drives, American Institute of Electrical Engineers, 
Massachusetts Institute of Technology, Cambridge, 
Mass. 









May 15-19—Silver Anniversary Convention and An- 
nual Radio Parts Industry Trade Show, Radio Manu- 
facturers Association, The Stevens Hotel, Chicago. 







R e f [ i ge [ a t l 0 nl designers, engineers 


and manufacturers know from experience that Signal 
custom - built motors live up to their long established 
reputation for dependable performance. 


May 26-27—National Meeting, Society of the Plas- 
tics Industry, Inc., Edgewater Beach Hotel, Chicago. 







June 7-9—Spring Meeting, American Gear Manufac- 
turers Association, The Homestead, Hot Springs, Va. 









Low and Standard Voltage - 


| Induction (Shaded Pole Only)-DC 
AC-DC 1/500 te 1/10 H. P. 


Unified Screw Threads Receive ASA Approval 


The American Standards Association has given its final ap- 
proval to a new American Standard which puts into effect the 
Unified Screw Thread system agreed jointly by Great Britain, 
Canada, and the United States by the Declaration of Accord 


SIGNAL ELECTRIC MANUFACTURING CO. 
Dept.B-4 Menominee, Michigan 
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Preparing a sample for measurement of dielectric constanf and power factor. 


Its neal looking 
Ms fast working 


. . » for primary wire insulation 


Kodapak Sheet is a noncorrosive 
dielectric material used for many 
types of low-voltage electrical insu- 
lation. As a tape, it “serves” easily 
on high-speed wire covering ma- 
chines . . . produces tough, flexible, 
compact dead-center coverings that 
take braids and lacquers easily and 
smoothly . . . strip cleanly. In sheet 
form, it has good dielectric strength 
and is suitable for capacitors, inter- 
layer insulation, and coverings where 
low and medium voltages and fre- 
quencies are encountered. 


Is long lasting sowlll’S Kodapalk Sheet that’s used 


by leading electrical manufacturers 





. . » for capacitor dielectrics 





Kodapak Sheet, in rolls or flat 
sheets, makes up into compact di- 
electric “sandwiches” for long-last- 
ing, low- and medium-voltage applica- 
tions. Its dielectric constant is high ™ 
enough so that impregnants are not | 
required. Also small capacitors can | 
be made by vacuum deposition of | geeeeiieecence 
metal on Kodapak Sheet. It has a | See 
good power factor, is moisture-resist- | of Kodapak Sheet.” 

| 

| 

| 

| 

| 

| 

| 

| 


ant, noncorrosive, uniform. 


Kodapak Sheet 


...for efficient insulation 


IS A TRADE-MARK 


Company 
Department 
Street 


City 


““KODAPAK"' 








CELLULOSE PRODUCTS DIVISION 
EASTMAN KODAK COMPANY 


Please send me your folder “Electrical Properties 


. .- for interlayer insulation 


Kodapak Sheet is thin, pliable, 
doesn’t kink...makes ideal, 
smooth, paper-laminate interlayer 
insulation, or plain Kodapak Sheet 
interlayer insulation for all types 
of low- and medium-voltage coils, 
transformer windings, etc. Because 
of high stability and low moisture 
absorption, Kodapak Sheet is ex- 
cellent for many uses where a non- 
corrosive separator is required. 


Cellulose Products Division 
Eastman Kodak Company 
Rochester 4, N. Y. 
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signed to Your 
Specifications 


of 
Special Fasteners 


and allied devices 


turn first to 


UNITED-CARR 


for cost-cutting 


service 


Cambridge 42, Mass. 
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SPECIAL APPLICATION MOTORS 


@ The majority of our motors are produced to meet the 
precise operating needs of manufacturers whose basic 
product design or end-use requires special features, 


Weare providing such service promptly to many leading 
names in industry, and would be pleased to consult with 


Write for complete information and prices. 


58 NORTH THIRD STREET 
ARBURG, WISCONSIN 


O BK 


ELECTRO 


MACHINES, INC. 







design engineering 





@(} Send us your specifications or 


requirements. Address Dept. 13 
UNITED-CARR FASTENER CORP. 
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signed in Washington last November. The British Standard 
Institution and the Canadian Standards Association are working 
on similar standards to put the unification plan into effect iy 
their countries. This standard, Unified and American Screy 
Threads for Bolts, Nuts, and Other Threaded Parts, B1.1-1949) 
presents in tables, diagrams, and formulas the dimensions of 
the Unified Threads and those which presently remain standar¢ 
in the United States alone. ASA has prepared a detailed) 
analysis of the new American standard, including a comparison 
with the 1935 edition which it supersedes. 

The new American standard is being published by the Amer. 
ican Society of Mechanical Engineers, and it is expected that 
copies will be available early in April. See also “Unified Screy 
Thread Standards”, ELecrricAL MANUFACTURING Jan. 1949, 


Eta Kappa Nu Award 


Dr. Abe M. Zarem has been selected as the outstanding young 
electrical engineer of 1948 by the jury of award of Eta Kappa 
Nu, national honor society for electrical engineers. Jay W. 
Forrester and Milton E. Mohr have been awarded honorable 
mention by the honor society. Dr. Zarem, manager and chair- 
man of physics research for the Stanford Research Institute, 
received recognition principally for his invention of the fastest 
camera shutter known to science. Camera is capable of reflect- 
ing motion at a rate of 25,000 times faster than the fastest com- 
mercial motion picture camera. Mr. Forrester, associate director 
of the servomechanism laboratory, Massachusetts Institute of 
Technology, has made his major contributions in the field of 
digital computors. His development of two-stage mechanical 
integrators and potentiometer multipliers permits test pilots to 
get realistic feel of flight controls and instruments. Mr. Milton 
E. Mohr, member of the technical staff, Bell Telephone Labora- 
tories, Inc., is better known for his work on pulse modulation 
and in the field of the newly developed transistor. 
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Fundamentals of Electrical Engineering—By V. P. Hessler 
and J. J. Carey, professor and assistant professor of electrical 
engineering, at University of Illinois and University of Mich- 
igan respectively. 242 pages, 6 x 9 in. Published by McGraw- 
Hill Book Co., New York. Price $3.50. 

This textbook is primarily intended for the student of elec- 
trical engineering and presupposes an elementary knowledge of 
integral calculus as well as engineering physics. It is designed 
to give a comprehensive coverage of the essential fundamental 
concepts of electricity and magnetism as well as the unit systems 
and dimensional analysis. The necessary mathematical relations 
are derived and defined. They are defined in standard concepts so 
that they may be applied to any systems of units. Dimensional 
analysis is described in terms of mass, length, time, and abso- 
lute permeability of free space; enabling the reader to check all 
new formulas that are evolved by him. Although text is written 
in the mks unrationalized system, all formulas are written in the 
general form so that the cgs system can be applied without 
change. Numerous problems and their solution are interspersed 
within the chapters, whereas at the end of each chapter a large 
number of questions and problems are included. Chapter head- 
ings include fundamental concepts, unit systems, the mks unra- 
tionalized system of units, electric circuits, resistance and con- 
ductance, electrolytic conduction and batteries, complex circuits, 
network theorems, magnetic fields, air-core magnetic circuits, 
generated and induced voltage, iron-core magnetic circuits, elec- 
tric fields, capacitance, transients, energy in magnetic and elec- 
tric fields, and curvilinear-square flux mapping. 


Wi 


Cleat 


Precision Resistors and Their Measurement 


Thirty-two page (8 x 10) booklet contains information on 
the construction and characteristics of wire-wound resistors of 
the precision type. Also included are descriptions of the methods 
used at National Bureau of Standards for tests on precision 
resistors and the calibration of precision resistance measuring 
apparatus. Although presentation is nontechnical, there is con- 
siderable amount of information on the characteristics and 
limitations of apparaus of this type. 

Booklet is available from Superintendent of Documents, U. S. 
Government Printing Office, Washington 25, D. C. Price $0.20. 
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REDUCE BOX WEIGHTSI , 


UPPER LEFT 

Wirebound staples are driven in cleats 
in such a way that the ends flare 
after entering the wood—increasing 
resistance to pull-out. 


UPPER RIGHT 

Cleats are mitered or tongue and groove, 
depending on product shipping con- 
ditions. Accurately cut and augmented 
with wire binding, they produce 

tight joints to stand maximum abuse. 
BELOW 

Typical of the Wirebound weight 
reductions achieved for the boiler com- 
pany is this 2944 Ib. crate which 
feplaced the 75 1b. box shown below. 


APRIL 1949 


Cea aaa ee 


60 WIREBOUND PLANTS THROUGHOUT THE UNITED STATES 


*Name on request 


Like so many other manufacturers, a well known 
manufacturer of heating equipment* found that 
Wirebound Boxes and Crates brought savings obtain- 
able with no other shipping container! Box weights 
were reduced 33%; over-all shipping room savings 
were 25%; storage requirements were slashed 80%; 
container assembly and packing time were cut 50%. 

Wirebound’s unique construction principles will 
enable you to obtain similar benefits. Specifically 
designed for the product it is to carry, each Wire- 
bound is composed of high tensile steel wires stitched 
to thinner wood for face material. Thickness of boards, 
arrangement of reinforcing battens and number and 
gauge of wires vary in accordance with the type and 
weight of contents. 

This is only part of the Wirebound story . . . to 
learn all the advantages of Wirebounds use the coupon 
at right to request a copy of the free Technical Data 
Book or have a Wirebound sales engineer call to 
study your problems. 


i 
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BOXES & CRATES 
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WIREBOUND BOX MFRS. ASS'N. 
Room 1840, Borland Bidg., Chicago 3, Iinois 


() SEND COMPLETE LITERATURE 
(J SEND A SALES ENGINEER 
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FIRM NAME 
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*NAME ON 
REQUEST. 


Why a Prominent 


Industrial Equipment Manufacturer’ 


Switched to “POWDI RON’ 
For a CRITICAL CHAIN HOIST PART 


Adopting this hoist brake cam, produced by Bound Brook 
from “POWDIRON” (Sintered Iron) to accurate finished 
dimensions, ready for assembly, has meant: 


© Elimination of costly, time-consuming machining 
operations —“‘POW DIRON” assures an accurate fit. 


®@ Continuous lubrication on cam surfaces. 
@ Fullrequired strength for long-time service on tough jobs. 
@ Smooth, sure, safe operation. 


“POWDIRON” has proved to be the perfect material for many 
heavy-duty bearings, and structural parts such as gears, cams, 
sockets, pole pieces, levers, etc. Made of pure metal powders, 
“POWDIRON”’ parts and bearings are die-formed to accurate 
dimensions and sintered at high temperatures. Simple or intricate 
shapes can be produced in quantity to close tolerances. When 
needed, “POWDIRON” parts and bearings can be vacuum- 
impregnated with lubricant to give thousands of trouble-free 
operating hours, without further need of lubrication. 


Consult our engineers on your re- 
quirements for structural parts and 
bearings. We’ve saved time and costs 
for others; we can do the same for you. 


Structural parts are made to your specifica- 
tions. Bearings in thousands of sizes can be 
quickly made from dies on hand. Mail coupon 
below for free copy of our “*Powdtron”’ Data Sheet. 


BOUND BROOK OIL-LESS BEARING COMPANY 


BEARINGS - BUSHINGS 
BOUND BROOK, N. J. 


WASHERS + PARTS 
ESTABLISHED 1883 





Bound Brook Oil-Less Bearing Co. EM 4-49 
Bound Brook, N. J. 


0 I would like to talk to one of your engineers about 


O Please send me a copy of your “POWDIRON” Data Sheet. 
Name Title 





Company___ 





Street City 
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Synchronous Motors 
Require Multi-Functional Controls 
(Continued from page 99) 





the motor approaches synchronous speed. The field 
removal relay operates on the change of power factor 
of the motor as it pulls out of step. The field control 
panel is illustrated in Fig. 14 and includes all devices 
for control of the field, except the field contactor itself, 
mounted on a steel base as a front-connected unit- 
assembly. 

Field Applying Relay. The field applying relay and 
its auxiliary relay are exactly alike except for coils. 
They are made front-connected and have individual 


GEN LAG 


RELAY 
POTENTIAL 
re co 


_ RELAY CURRENT COIL 


—~ V3 


— STATOR CURRENT 
FULL LOAD 
UNITY PF 


~—— STATOR CURRENT 
aT PULL OUT 
90° 
STATOR CURRENT, 
IN SYNCHRONISM 
WITH NORMAL EXCITATION 
See FIG 6 


RELAY PICK UP = | 
RELAY DROPOUT 
NORMAL OPERATION 


MOTOR STARTING 
CURRENT 


RELAY PICKUP CIRCLE 
AT STARTING 





Fig. 19—Vector diagram of power-factor field-removal 
relay characteristics compared with motor characteristics. 


molded bases for mounting on steel. Sliding bimetal 
shims, by which the amount of magnetic material in 
the air gap may be changed, provide easy adjustment 
of time drop-out. The timings are consistent since the 
air gap itself remains uniform throughout the adjust- 
ment range. The field relay has two coils; the first or 
closing coil is a d-c coil operating on the excitation 
voltage, the second or synchronizing coil operates from 
a tap in the discharge resistor through a_ half-wave 
rectifier. 

Referring to the elementary diagram, Fig. 15, of a 
typical full voltage starter, it will be noted that when 
the “Start” button is pressed, relay FCX picks up, 
followed by the main line contactor M. This energizes 
the closing coil of FR which picks up at a relatively 
low voltage to energize FRX. FRX is set to pick up 
at a voltage high enough for synchronizing and thus 
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When it’s time to order fnac¢ne Si Cle CWS. ee 


td it’s time to call STERLING BOLT 


or 
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sTigass 


™ MACHINE SCREWS are 
| an important part of the STERLING Bo tT line. 


You can obtain from us all types and sizes, 
standards and specials, in steel or brass. 

In addition to machine screws, practically any 
other metal fastening you may require can be 
quickly found in the pages of our big Easy-to- 

Use Catalog. A few of the more popular items 
\\ are illustrated at the left. 
Whatever your metal fastening needs may be, 


you can depend on STERLING BOLT ONE-SOURCE 
STEP BOLT S108 SERVICE fo increase your efficiency and to save you 
time and money. When it’s time to order machine 
screws or any other metal fastenings, it’s time to 


call STERLING BOLT. 


STOVE BOLT 


RIVET PHONE, WIRE, TELETYPE OR WRITE TODAY! 





CUT WASHER 


i 
j 
i 
| 


Thumb indexed for quick reference. 
Packed with valuable engineering 
and technical information. 
Two hundred thousand items. 
One hundred twenty-four pages. 
Set in large, easy to read type. 





WOOD SCREW 
LOCK WASHER 


ees BOLT CAP SCREW CARRIAGE BOLT 


COMPANY I emer een ree ete 
POSITION 7 —- 
219 W. JACKSON BLVD., CHICAGO 6 
TELETYPE CG 488 iat tocar teciteeeceentcces hccnscctneeesctipeteriaieennentins-ticignantpuncaeiimniiigpeiaaaatnentils 
TELEPHONE HARRISON 7-9880 


I a tcencesesnitercicssiactenicealipeaaipiiaiciaiasipaaiil selena age it 
SALES OFFICES: 
Union Trust Bldg., Cincinnati 2, Ohio « 17 W. Market St., Indianapolis 4, Ind. 


161 W. Wisconsin Ave., Milwaukee 3, Wis. ¢ 1228N. Hadley St., St.Louis 6, Mo. 





STERLING BOLT COMPANY 
219 W. Jackson Bivd., Chicago 6, Illinois 


Please send me without obligation your new easy-to-use catalog. 
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There’s lots of resistance 
to lots of attack 














IN MELMAC* RESIN 
LAMINATES, TOO 

























Fine Weave Heavy Weave} Woven Glass 













Dielectric Strength. , . 26( , 
300-: / = 260-450 V 
Short time %” thick 300-370 V/M| 250-340 V/M | 26 /M 


Compression Stress at 30,000 to 28,000 to 22,000 to 


















@ As you can see from the chart above, Cyanamid’s 
Metmac Resin Laminates provide superior resist- 
ance to arcing, fire, heat and abrasion. 


They also provide high chemical resistance, high 
impact strength and low cold-flow characteristics. 
They can be molded into rods or tubes as sleeves, 
coil spacers, pole collars, slot wedges or similar in- 
sulation in rotating electric equipment or in sheet 
form for panels and switchboard material for 
mounting fuses, instruments and other electrical 
equipment. 

Do you have an application requiring such an un- 
usual combination of electric, physical and mechan- 
ical properties? Why not get in touch now with your 
supplier of laminated parts? Leading producers in 
the field are fully familiar with the outstanding 
properties of MELMac resin laminates. 

*Reg. U.S. Pat. Off. 


AMERICAN Cyanamid LOM PANY 


PLASTICS DEPARTMENT 
35 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 



















Cotton Fabric Base Fabric Base 
Fabric Base Type II Type III 
Type I ype ype 
Arc Resistance sec. 95-175 80-130 195-225 


Fracture psi. 45,000 45,000 90,000 
Impact Strength. Izod. 

Notched, 77° F., ft. Ibs. /in. ee ae a 
Flexure Stress at 13,000 to 14,000 to 27,400 to 
Fracture psi. 28,200 26,000 48,000 
Rockwell Hardness MIIO MIO7-MII5 MII8-MI20 





provides a d-c voltage check to prevent closure of the 
field contactor unless or until sufficient d-c excitation 
voltage is available to pull the machine into step. When 
FRX picks up, FR is then held-in by induced field cur- 
rent. Successive half waves of induced field current are 
blocked out by the half-wave rectifier. As the speed of 
the motor increases, the time between current pulses 
in the relay increases until near synchronism and at 
the time setting of the relay, FR will drop out. The 
field contactor FC is thus energized. By blocking out 
the proper half cycle of induced field current, it is pos- 
sible to polarize FR so that field excitation will always 
be applied in the proper direction. By adjustment of 
the time of drop out of FR, it is possible to select the 
proper speed at which excitation is applied to the field 
coils. 

The oscillogram of Fig. 16 includes, from top to 
bottom, a 60-cycle timing wave, line current, field cur- 
rent, tap voltage from the discharge resistor and FR 
relay coil current. The break in the timing wave in- 
dicates the opening of FR relay and the closing of 
the field contactor. The time drop-out of FR is set to 
correspond to the speed of the rotor at a given slip as 
measured by the distance between successive half cycles. 
At a given constant slip, FR drops out at the end of 
the blocked-out half cycle to close the field contactor 
about 1% to 2 cycles later. 

From Fig. 4 it was noted that the most favorable 
angle at which to apply field is at the point where in- 
duced field current is passing through zero in the same 
direction as the applied field current so as to trap max- 
imum flux linkages. Fig. 16 indicates that, at constant 
slip, field excitation is applied very slightly beyond this 
most favorable angle. 

If load conditions or other factors are such that the 
machine is able to accelerate during the time FR is 
timing out, field will be applied earlier. Fig. 17 illus- 
trates that, with FR set for 5 per cent slip, during the 
next half cycle the rotor has accelerated to 4.65 per 
cent slip. FR thus drops out before the zero point but 
FC closes at the ideal point with the most favorable 
angle with maximum pull-in torque and least line cur- 
rent surge. Since any variation in speed of the rotor 
downward will not allow FR to drop out, it follows 
that any speed variation from the relay setting must 
be upward. If this occurs, the tendency will be to apply 
field earlier. 

Fig. 4 may then be redrawn as shown in Fig. 18 in 
which the shaded area indicates the operating range of 
relay FR. Any portion of this shaded area is still in a 
very favorable torque region and a long way from the 
valley of the torque curve and the worst angle. The 
entire range of time setting can be obtained with one 
spring setting and one gap setting of the relay merely 
by adjustment of shim position. 

Field Removal Relay. The power-factor field re- 
moval relay is also a front-connected device incorporat- 
ing a potential coil across lines 7 and 2 of a 3-phase sys- 
tem as shown in Fig. 15, and a current coil connected in 
line 3. This results in a 90-deg. relation between the 
fluxes of the two elements with the motor operating at 
unity power factor. Incorrect connections due to re- 
versed potential coil, reversed current coil, or phase se- 
quence other than as shown can be corrected by merely 
reversing the potential coil connection. A terminal 
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DISCOVER 
: THE SAVINGS 
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[1s Apel died 


LOCKING POWER 
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Look-alikes don't always work alike. Fér example, the 
Internal Type Shakeproof—bock—Wasker shown above 
has a standard rim and standard/fiumber of teeth for 
mS€ under stertddrd 2" nuts. The Internal Lock Washer 
at left is@ special shin-rimmed washer with more lock- 
ing teeth for 8pécific use under ¥2" conduit nuts in elec- 
trical assemblies. 

Knowing when and how to apply the standard and 
special types and sizes of Shakeproof Lock Washers 
will mean increased fastening efficiency and lower 
assembly costs to you. And, that’s what this new book 
on Shakeproof Lock Washers is for . . . with illustrations 
and typical applications of all the Shakeproof Lock 
Washer types, an explanation of the locking principle 
and handy size data! See what Shakeproof Lock 
Washers can do in your specific application. Write for 
your free copy today! 


SHAKEPROOF inc., Division of Illinois Tool Works, 2501 
North Keeler Avenue, Chicago 339, Illinois. In Canada: 
Canada Illinois Tools, Ltd., Toronto, Ontario. 





Shakeproof 
FASTENING HEADQUARTERS LOCK WASHERS 
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board is provided on the field panel so that this may be 
easily accomplished. 

A certain value of effective ampere-turns is required 
to pick up and hold the relay closed. Either the current 
coil or the potential coil will provide sufficient magneto- 
motive force to do this. Since the potential coil is ex- 
cited from line voltage, it takes a constant current and 
therefore its ampere-turns are fixed. The current in 
the current coil varies with load current and thus its 
ampere-turns vary. 

Fig. 19 represents the four quadrants of motor and 
generator operation and shows voltage and current 
vectors of the motor and of the relay for starting, nor- 
mal operation and pull-out conditions. The motor char- 
acteristics are taken from Figs. 5 and 6. Currents 
om outside of the pick-up circle of the relay (with poten- 
losusiiianind tial coil energized) close the relay contacts. Currents 

a inside of the drop-out circle open the relay contacts. 
For starting, then, it is necessary to move the pick-up 
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As used in a small 
electric motor: 





Magnified 6 times 






There are over 200 types and sizes to 
select from for your application. 


Ask for your copy of catalog, price 
list and quantity discounts. 


LANDIS & GYR, INC. 


104 FIFTH AVE., NEW YORK I11, N. Y 
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ECOA NAME PLATES 


Spotlight Your Produc? 


Etched or lithographed, Ecoa name plates are permanent 
marks of distinction, reflecting the pride you have in your 
product. You can save money on name plates by choosing 
from nearly 5000 shapes and sizes for which we have dies 
in stock. Ask us to quote on your name plate requirements. 
If your engineering department can use our book of die 
shapes and sizes, write for it on your letterhead. 





Fig. 20—Front views of full-voltage, low-voltage syn- 
chronous motor control, with field control at upper right. 


circle outward to keep the stator starting current vector 
inside the circle initially but to permit this vector to 
fall outside of the circle, and PFR contacts to close, as 
| the machine comes up to speed. Increase of a-c voltage 
applied to the relay will move this circle downward. 
Complete pull-out protection is provided (pull-out due 
to loss of a-c or d-c voltage or excess mechanical load) 
by drawing the circle inward under normal operation. 
This is accomplished and the relay in effect recalibrated 
by changing the a-c voltage applied to the relay by 
means of changing the amount of the resistance in 
series with its potential coil. 

It will be noted that the relay will permit wide load 
swings in either the motor region or the generator 
region without removing field prematurely, but defi- 
nitely and positively will remove field excitation within 











ETCHING COMPANY OF AMERICA 
1520 Montana St., Chicago 14, Dept. E.4 
SUBSIDIARY OF DODGE MFG. CORPORATION, MISHAWAKA, INDIANA 
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| How to get the most ball bearing 


The clue is right here in this picture of four Fafnir 
ball bearings . .. how to get as much ball bearing as 
you need and no more. The shaft or bore size is the 
same for all these ball bearings but each is a different 
series, for lighter or heavier loads. One of these 
bearings will be the most economical choice for your 


particular job. Which one? 


No mystery about 
selecting ball bearings 


It’s easier to determine the precise bearing for a job 


than possibly you realize. You have most of the 
essential facts...the amount of load, radial and 
thrust, the speed and other conditions of operation, 
space to be occupied, mounting details and weight 
requirements or limitations. A Fafnir engineer will 
recommend the most economical ball bearing for the 
job or, if you prefer, step-by-step directions and 
tables in the Fafnir catalog enable you to select the 
type and size of ball bearing, type of seal, method of 
mounting and housing to meet each of your require- 


ments at the lowest possible cost. 


For sale: ball bearings... 
for the asking: all the help you need 
Helping you to get the most ball bearing for your 
money is Fafnir’s business. When you call a Fafnir 
bearing engineer to sit in with you, you get a recom- 
mendation unhampered by product limitations be- 
cause Fafnir makes them all. And you get the 
experience gained by working not with just one or 
two industries but with all industries. The Fafnir 


Bearing Company, New Britain, Conn. 


FAFNIR @ 


BALL ‘BEARINGS 


MOST COMPLETE LINE IN AMERICA 
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INNOVATION 


Completely new..... 
sleeve and mounting 























ring adds super-safety 
to metal TV tubes 


Anchor T.V. Sleeve ond Mounting 
Ring. Pot. Pend. 























Anchor Products shock proof 
sleeve ringassembly ofan 
Aeroflex polyethylene compound 
sheaths the tube completely, 
leaving a single metal terminal 
contact point. 

A genuine rubber gasket 
guards entire assembly against 
shock and locks parts into simple, 
integral unit. Easy mounting on 
panel board. 

Available in colors to match 
cabinet trim. Can be extruded 
to your exact specification. 

Plastic extrusions of all types 
and descriptions. Your 
inquiry will receive 
prompt atfention. 































































































LAMINATION 
DIES 


Leading motor and 
electrical parts manu- 
facturers look to Cres- & 
cent for accurate, 
experienced production 
of lamination dies. A 
typical Crescent job is 
the Segmental Type 
Stator Lamination Die 
shown here. Crescent 
precision dies are 
made to your specifi- 
cations or designed 
from your part prints. 
For full information, 
ask for our new bulle- 
tin, “Specialists in 
Precision.” 

















































































































cilities 
Also Available 


TOOL AND 
DIE COMPANY 


1780 Southfield Road « Lincoln Park 25, Mich. 
































the first slip-cycle out of synchronism. 

Relay FCX provides the interlocks to control the re- 
sistor which recalibrates PF R. Time delay contacts on 
FRX short out PFR contacts for a time sufficient for 
the motor to stabilize after synchronizing. 

Contacts are also provided for use in automatic un- 
loader circuits of compressor drives, and for use in field 
forcing of direct-connected exciters during starting. 

The circuit of Fig. 15 may be easily changed by 
means of jumpers on the terminal board to provide 
either motor shutdown on pull-out or field removal only 
if the motor torque or load conditions permit resyn- 
chronizing after pull-out. 

High voltage starters include time-delay under- 
voltage protection which may be made instantaneous, if 
desired, by means of a simple jumper connection. 

Fig. 20 shows two front views of a low voltage, full 
voltage magnetic synchronous motor control OOO 


Polystyrenes 
Appraised 


(Continued from page 88) 


the recently developed high heat resistant members of 
the styrene family. 

Polystyrene lens plates are being produced to provide 
a lightweight and non-shattering fluorescent light shield- 
assembly. These light-shields are molded of transparent 
polystyrene with configurated surfaces designed to con- 
ceal the brightness of the lamp and to reduce glare 
through diffusion and light control. Pleasing and archi- 
tecturally decorative patterns are incorporated in the 


| design. 





Research Developments. Obvious importance of 
polystyrene to the product designer has caused research 
laboratories throughout this country and abroad to de- 
vote intensive effort toward providing styrene resins of 
improved usefulness. As a result, materials with a wider 
range of properties and consequent greater versatility 
of application, particularly in electrical uses, have been 
developed. There have been several lines of attack 
which have proved fruitful in widening the property 
range of polystyrene resins. These include (1) im- 
provements and refinements in polymerization tech- 
niques; (2) special methods of fabrication; and (3) 
the study of styrene copolymers. It should be useful to 
summarize this work without going unduly into any 
details of the theory involved. 

Polymerization Techniques. Polymerization of sty- 
rene monomer can be carried out by any one of four 
methods known to chemists as mass polymerization, 


| suspension polymerization, solution polymerization, and 


emulsion polymerization. Each of these methods has its 


| particular advantages and disadvantages and the correct 


| choice and application have an important bearing on the 
Stamping & Rooemity 


properties and cost of the resin. 

Research workers soon established that certain inher- 
ent properties of polystyrene remain essentially constant 
regardless of the method of polymerization. Specifically, 
electrical characteristics, water absorption, chemical 


| resistance, refractive index, specific gravity and heat 


conductivity remain essentially unchanged and are es- 
sentially independent of the polymerization technique 
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Hedeidtil ROSIN CORE SOLDER 


Look for the orange package . . . the univer- 

















sally popular solder for use in electrical 
applications where bonding must be 


secure and free from corrosion. 


The flux is in the solder... all 
you need is heat! Federated Rosin 
Core Solder is available in 


1,5, and 20-pound sizes. 


Federated makes every 
commercial solder... 

Asarco Body Filler Metal, acid-core, solid 
wire, spray-gun, and bar... purity and composition 


guaranteed by the world’s leading supplier of solder. 


hp one HEL 0 
Stiviiie METALS 
Division of AMERICAN SMELTING AND REFINING COMPANY 


120 Broadway, New York 5, N. Y. 
OFFICES IN PRINCIPAL CITIES ACROSS THE NATION 





APRIL 1949 





FUSS 


O) Re aly i= 
ea a ad 
VARIES 


A 


ITS 


CONSTANT LEVEL 
OILERS 


» NO DIE CAST PARTS 
Bodies machined from 
one-piece brass forgings 


UNBREAKABLE 

PLASTIC RESERVOIR 
Newly developed to 
withstand extreme flex- 
ing and hammerlike 
blows at wide tempera- 
ture range. 


NEVER “TOO LITTLE AND TOO LATE” OR “TOO MUCHI” GITS 
CONSTANT LEVEL OILERS keep your equipment free of all 
these maintenance bugaboos. Improper oiling is eliminated 
completely with this advanced system of lubrication. 


WHEN OJL LEVEL 1S TOO HIGH, you risk the danger of over- 
flowing or spilling oil on the floor. You get a serious threat to 


plant safety. There’s a good possibility of fire. Electric motor 
insulation may be damaged. Moreover, sealed-in bearings 
suffer from ineffective lubrication due to foam-whipped oil. 


WHEN OIJL-LEVEL IS TOO LOW, you run the risk of burning out 
the bearing. And careless maintenance means shut-downs or 
even replacement of equipment, costly either way. 


PLAY IT SAFE. Avoid trouble for good with lubrication that 
never varies .. . with the Oil Level. That's Always Constant. 


GITS CONSTANT LEVEL OILERS 
Standerd sizes available from stock 
WRITE TODAY for new bulletin 


GiTs Bros. Mrec. Co. 


1840 South Kilbourn Avenue, Chicago 23, IIlinois 
ROTO-FLEX UNIT 


| a | 


SHAFT SEALS FOR EVERY APPLICATION 


HIGH SPEED LIP-TYPE 


employed. But it was also established that other prop- 
erties, such as the softening point, could be changed 
considerably by controlling the length of the polymer 
chains formed from styrene monomer units. As a result 
of suitable polymerization control, a series of polystyrene 
resins of varying average chain length (1.e., varying 
molecular weight) having melting points between 100- 
250 C (ASTM E28-42T), is now being offered to in- 
dustry. 

Solubility characteristics of polystyrene can also be 
changed in certain instances. By polymerizing in the 
presence of certain catalysts, it is possible to produce 
low molecular weight polystyrene resins which are solu- 
ble in drying oils. This is a development with important 
potentialities in surface coatings. 


Bakelite’s polystyrene material was used for this large 
molded refrigerator baffle which separates the freezing 
section from the food storage compartment in a Nash- 
Kelvinator refrigerator. Light weight, dimensional stabil- 
ity, and excellent thermal insulating properties were 
major considerations. Snow-white integral color was an- 
other. Glass-fiber insulation completes the two-part as- 
sembly. Molded by General American Transportation. 


Continuing study of basic polymerization principles 
also reveals that strength characteristics are dependent 
on the average length of the polystyrene chain. With 
less than about 425 monomer units in a chain, mechanical 
strength was found to decrease rapidly. On the other 
hand, by building very long chains, mechanical strength 
cannot be improved indefinitely for if the average chain 
length is greater than about 750 units, serious difficulties 
in molding the material arise. Moreover, the increase 
in strength achieved by the production of very long 
chains is proportionately small. It should be noted that 
the mechanical strength values as given in Table | 
represent an average for a great many specimens molded 
under optimum conditions. The spread in values re- 
ported is due in large measure to different specimen 
sizes. It should be an obvious corollary then that the 
molder of polystyrene, or its copolymers, does not de- 
velop the strength properties given on the data sheet 
unless his moldings are produced under proper molding 
conditions. 

Further refinement in polymerization techniques has 
resulted in the development of injection-molding poly- 
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New process for depositing selenium means greater 
uniformity, higher efficiency and longer useful life for 
rectifier stacks. 


Here’s real news for rectifier users. It’s the new G-E 18-volt 
selenium cell—made by a patented evaporation process which 
deposits selenium on the aluminum base with greater uniformity 
than otherwise possible. 


Greater Output — These new cells have a 50 per cent greater 
output than standard 12-volt cells. And—they can be used for 
any application except those few which demand 24-hour year- 
around service. 

Efficiency Stays Up — Not only is initial efficiency higher but, 
with the more uniform coating, high efficiency is maintained. 

Save Space — These new 18-volt cells require about one- 
quarter less space than standard 12-volt cells for the same output. 

Lower Cost — Depending on the voltage, these 18-volt cells 
save 25 per cent in cost compared to standard 12-volt cells. 

You'll need more information. There’s a free bulletin awaiting 
you. Ask for it as GEA-5280, Apparatus Dept., General Electric 
Company, Schenectady 5, N. Y. 


HERE’S A COMPARISON —full-wave bridge rectifiers 










Standard 12-volt cells 4 legs 
of 7 cells each makes a 28-cell 
stack rated at 84 volts output 
(and usable at 90) 


New 18-volt cells 4 legs 
of 5 cells each makes a 20- 
cell stack rated at 90 volts 
output. 









Actual Size 
Applied d-c volts i 
a-c volts new aged 










143.5 126 


161 126 


The d-c voltages are given for both new 
and estimated aged conditions. On applica- 
tions where a variation in d-c voltage can be 
tolerated, a fixed a-c voltage can be applied 
—a gradual decrease in d-c voltage, as given 
in the third column, can be expected. On ap- 
plications requiring constant d-c voltage, it 
will be necessary to adjust the voltage of the 
a-c input—the range given in the first column 
will give the rated d-c output shown in the 
second column. 
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Wtco Collector Rings are made in all sizes 
to carry currents of 5 to 200 amperes. Two to 
twelve rings can be furnished on one stub com- 
plete with brush holders, brushes, studs for sup- 
porting the brush holders and stud rings. The 
collector rings can be assembled as a unit on 
one hollow tube with threads on one end and 
insulation bushing on the opposite end. The 
brush holders carrying the current are made of 
brass. The collector rings are made of hard 
bronze material. Bakelite insulation is used. 


Welco Collector Rings are custom-built to fit the 














special design and functional requirements of 
your machines or equipment. A limited num- 
ber of standard types are available. Send us 
your blueprints and we will design for you the 
collector rings that are functionally correct. 


THE B. A. WESCHE ELECTRIC CO. 
1626-22 Vine Street Cincinnati, Ohio | 





styrene resins with improved heat resistance. Examples 
of these are Monsanto’s Lustrex (see Table 1), Dow’s 
411-A, and Kopper’s P-7 and P-8. These products in 
general retain the outstanding characteristics of poly- 
styrene and in addition have greater heat resistance 
than previously available commercial polystyrene com- 
pounds, thus permitting use in equipment operated at 
higher temperatures, an essential factor in many elec- 
trical products. Still another improvement attributable 
to polymerization research is the development of poly- 
styrene resins with better resistance to crazing than 
earlier types. 

Special fabrication techniques can improve properties 
of polystyrene. The extrusion and stretch orientation 
process developed by the Plax Corporation (1)? has 
made possible films (suitable for electrical application) 
with remarkable flexibility and toughness yet retaining 
the outstanding electrical characteristics of polystyrene. 
These films are available in thickness from 0.001 in. to 





Lighting fixtures are a growing field for polystyrene 
applications. Light weight, high refractive index, trans- 
lucence, and good heat resistance dictated the choice 
for this “‘egg-crate” type of fixture molded by Bernard 
Edward Co. from a Monsanto material. 


0.020 in. It is possible to laminate these materials under 
heat and pressure to obtain thicknesses up to 0.094.(2) 
Stretch orientation techniques have also been successfully 
applied to the production of fine and coarse filaments 
with marked improvement in toughness and elongation 
characteristics. 

Plasticized and unplasticized polystyrene dispersions, 
wherein the resin particles are very small (of the order 
of 0.2 micron diam), are examples of polystyrene im- 
provements based on physical form, rather than prop- 
erties. Applications where such resin dispersions are 
peculiarly well suited because of their fine state of sub- 
division include their use as a bonding resin for glass- 
fiber battery retainer mats and for impregnating paper 
tape for electrical insulating purposes. 

Styrene Copolymers. It might be well to differentiate 
between a polymer and a copolymer, prior to discussing 
developments in the latter group of styrenes. If the 








1 The italic numerals in parentheses apply to references listed at the 
end of the article. 
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Unite FoR BULLETIN 


which illustrates and describes 
Advance methods and facilities. 


*Specialists in complicated dies — largest or smallest — for difficult parts 


ADVANCE DIE & TOOL CO. 


6800 MADISON AVENUE CLEVELAND 2, OHIO 


PHONE: WOodbine 9191 
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Heinze Single Blower Units 


OPERATE ON 110V - 220V, 60 CYCLE A.C. 
3300 R.P.M. FREE AIR DELIVERY. 60 C.F.M. 


NOISELESS 


LOW POWER 
CONSUMPTION 


NO RADIO 
INTERFERENCE 


OPERATE 
UNDER 
MOST 
SEVERE 
CLIMATIC 
CONDITIONS 


DOUBLE BLOWER UNIT 


Heinze Electric Co 


685 Lawrence Street 


LOWELL. MASS 


° 
*s 
O oe eee rsce es Fer ese eee see esens seeseees soreeseeecescecececcesess sececescceeeee™ 


Interior view of Type SR-SF 


—Your inquiries for liter- 
ature and engineering 
services solicited. 


GENERATOR VOLTAGE 
REGULATORS FOR 
PORTABLE OR 
STATIONARY 
POWER UNITS 


Burlington Regulators are 
available in various case 
styles for AC Power Units 
up to 25,000 KW and DC 
up to 7500 KW. 


Check Burlington quality 
and priced before buying 


BURLINGTON INSTRUMENT CO. 


DEPT. D49 


BURLINGTON, IOWA 


PrETETITET TIPE Pe I eee eee Pee 


monomer is styrene only, the polystyrene chain through 
polymerization contains only styrene units in its struc- 
ture and it is a true polymer. If, however, prior to poly- 
merization, styrene monomer is mixed with another 
polymerizable liquid (for example methyl methacrylate ) 
and polymerization is then carried out, the resulting 
chain contains not only styrene units but also methyl 
methacrylate units along its length, and thus becomes 
a true copolymer. It always contains both units in its 
chain and is never a mixture of pure individual polymers. 
A polymerization mixture is obviously not necessarily 
limited to two monomeric constituents but may contain 
three or four components. Copolymerization can be 
applied to many combinations of monomers and has 
proved to be a useful tool in broadening the range of 
properties of styrene-like resins. Certain styrene copo- 
lymers that have reached the commercial or develop- 
ment stage can now be described. 

Heat-Resistant Styrene Copolymers. First injection- 
moldable product to find commercial application was 
Cerex (3, 4). Developed during the war, this material 
had sufficient heat resistance to withstand prolonged 


High heat-resistant (Koppers’ P-8) polystyrene finds 
application for these plate separators for alkaline stor- 
age batteries made by the Nickel Cadmium Battery Corp. 


exposure to boiling water and had electrical characteris- 
tics only slightly inferior to standard polystyrene. Un- 
favorable cost factors (but not, it might be noted, of the 
styrene monomer) retarded progress beyond the devel- 
opment state, and this formulation is being superseded 
by a newer formulation, Cerex X-250, the properties of 
which are described in detail in Table I. Heat resistance 
is equivalent to the old Cerex; electrical characteristics 
are essentially equal to those of polystyrene; and it 1s 
mechanically stronger than polystyrene. Color avail- 
ability is good. This combination of properties should 
be of considerable interest in electrical applications since 
it greatly increases the number of applications possible 
for low-loss styrene-like materials. 

Maintenance of electrical properties under high hu- 
midity conditions, assisted by the low water absorption 
of Cerex X-250, together with continuous operation at 
100 C, should bring in many applications where heat- 
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3 NON-MAGNETIC 

4 NON-SPARKING 

5 RE-USABLE 

§ ATTRACTIVE APPEARANCE 


FOR USING HARPER EVERLASTING FASTING 


1 RESISTANCE TO RUST AND CORROSION 
2 RESISTANCE TO HIGH TEMPERATURES 















7 EASY TO CLEAN a 

8 HIGH STRENGTH 

9 LONG LIFE 

10 LOWER ULTIMATE COST 
11 RESISTANCE TO FATIGUE - 
12 EASY TO PLATE OR FINISH 









13 RESISTANCE TO ABRASION AND WEAR 


% Ge gHE 


NG COMMON es LOWER FiIRSr Cosy 






- 
' OMy 7 REASON FOR om 
An amazing combination of advantages in favor of 
non-ferrous and stainless steel bolt and nut products 
over common steel at a very small increase in cost. 


6000 INDIVIDUAL ITEMS IN STOCK 


The widest assortment of bolts, nuts, screws, washers, 
rivets and accessories in Brass, Bronzes, Copper, 
Monel and Stainless Steels available from one source 

. large quantities of each. Specials made to order 
from ample reserves of raw materials. 


Write to General Offices, Dept. F for 134-page Color Catalog giving blue print 
drawings, dimensions, threads, heads and sizes of each item. Special Stain- 
less Steel Catalog also available upon request. 


THE H. M. HARPER COMPANY 


General Offices and Plant 
MORTON GROVE, ILLINOIS 
(Suburb of Chicago) 
New York Office and Warehouse 
200 HUDSON STREET - NEW YORK 13 
BRANCH OFFICES: Atlanta, Cambridge, Cincinnati, Cleveland: 
Dallas, Denver, Detroit, Grand Rapids, Los Angeles, Milwaukee, 
Philadelphia, Pittsburgh, St. Louis, San Francisco, Seattle: 
Toronto (Canada) 


HARPER 


EVERLASTING FASTENINGS 
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resistant polystyrenes are border-line or will not suffice. 
It is anticipated that a large percentage of the produc- 
tion of this new material will be used in electrical appli- 
cations such as fluorescent lamp holders, coaxial spacer 
| disks, coaxial collector insulators, stand-off insulators, 
| coil forms and spools, crystal holders, and other critical 
radio, television, and radar applications which were 
formerly furnished in the costly polydichlorostyrene. 
Absence of plasticizer, combined with the low water 
absorption and the high heat-distortion point should 
result in a dimensional stability even superior to that of 
standard polystyrenes. 

Another heat-resistant styrene copolymer, Plexene 
M-47, developed by the Rohm & Haas Company, is 
fully moldable and has a higher heat resistance than 
ordinary polystyrene. It is more resistant than poly- 
styrene to gasoline, and certain other solvents (see 
Table I). While the electrical characteristics of this 
copolymer are not quite as good as those of polystyrene, 
















Look what HEYCO does! 
| 1, ABSORBS CORD PULL, PUSH AND TORQUE | 














@ The Heyco is a Nylon insulating grommet that grips the 
wire in a vise-like grip in addition to insulating the wire 


: os ; Electrical insulati i ld 
from the chassis. It does not injure the wire yet it anchors patent tncntting gate ane an Ripertent fale of 


it firmly to the product, thus preventing strain on termin- | application for polystyrenes owing to this material’s 
als. Heyco eliminates cord wear at chassis entrance and is excellent electrical characteristics, especially under con- 
available with spring extension for applications requiring ditions of high humidity and under a wide range of 


wire movement. Illustrated Bulletin on request. frequencies. These mounting yokes are molded of Plex- 
HEYMAN one — COMPANY ene M by the Erie Resistor Corp. for F. W. Sickles Co. 













d ‘tl _ molded parts are more resistant to sudden sharp blows 
A n i earance | as indicated by the higher impact strength values. This 
P oduct App al copolymer is light amber in its natural state and is re- 

. at 10 w CO>5°: ported to have excellent weathering properties. Molded 


parts are said to stand up under outdoor exposure with- 


SENT ON RECEIPT OF | Ut crazing and warping. 

® TEST SAMPLES WIRE SPECIFICATIONS | Still another material of considerable interest is Dow’s 
| Experimental Plastic Q-475. A study of the properties 

in Table I reveals that this material has been designed 

| primarily to fill the gap which exists between rigid, 
dimensionally stable, but brittle polystyrene and the 
tough cellulosic plastics. This injection-molding com- 
pound is the first development to appear which combines 


cuassis——— 
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Worrying about YIERATION FATIGUE ? 


Read how these 5 metal-selection problems were solved 


IBRATION FATIGUE... notorious destroyer of 

springs and working parts... is doubly difficult to 
defeat when the design picture is complicated by cor- 
rosion, extreme heat or cold. 


Many manufacturers have found a time-tested solu- 
tion to this problem in the family of INco Nickel Alloys. 
These “task metals” put at your command a unique 
combination of physical properties...high strength, 
excellent corrosion resistance, good thermal endur- 


SIGNAL HORN 





failure. 


Union Switch and Signal Company states: “‘Z’* Nickel proved to be an 
ideal metal for armatures because it offers maximum resistance to fatigue. 
In several years’ experience, none has been known to break.” 


INDUSTRIAL TIMER 


For operating automatic switches controlling temperature and pressure in 
refrigerating systems, these bellows had to be both corrosion-resistant and 
proof against failures caused by constant flexing. 


The Fulton Sylphon Co. chose Monel* for this job... and solved a diffi- 
cult metal problem. The bellows are made from .050” sheet Monel, which 


is fabricated into a tube .0065” thick. 


WARNING BELL 


rosion and fatigue resistant. 


NICKEL ANCON ALLOYS monet: «°K monet - 


Heart of this instrument is a pendulum-type armature which vibrates con- 
tinuously at 180 times a minute, 94 million times a year. The transmitter 
controls code impulses to railway signals and engine cabs, showing traffic 
on the rails at any moment. To insure dependable operation, the armature 
must be a good electrical conductor, and have high resistance to fatigue 


To guarantee emergency performance, and at least 1,000 hours of continuous 
use, the flat reaction spring of this bell required a metal that was both cor- 


THE INTERNATIONAL NICKEL COMPANY, INC. - 67 Wall Street, New York 5, N.Y. 


MONEL + 


ance, and outstanding resistance to vibration fatigue. 


Perhaps one of the five examples shown will sug- 
gest a solution to your own problems. If not, our 
Technical Service Department will gladly make rec- 
ommendations based on years of metal research and 
a vast fund of practical experience data. 

Write for your free copy of the helpful new book- 
let: “66 Practical Ideas for Metal Problems in Elec- 
trical Products.” 


Designed for use in factories where moisture and corrosives might be pres- 
ent, the diaphragm of this horn had to be corrosion-resistant as well as 
vibration fatigue-resistant. Edwards & Co., Norwalk, Conn., chose Inconel* 
for the job and has received no reports of horn failures even from plants 
where corrosive fumes are constantly present. 


CODE TRANSMITTER 





This Series “2800” Timer gives split-second control of many industrial 
operations. A particularly critical part of the design was a shock absorber 
which cushions the operating impact of a solenoid plunger. 


After several fatigue-resisting alloys had failed at the million mark in 
flexing tests, engineers of the Automatic Temperature Control Co., Inc., 
standardized on “Z” Nickel for the shock absorber. Tests and field-reports 
show that more than five million blows have failed to knock “Z’’ Nickel out. 


BELLOWS 


as 


Tests showed that some metals lasted only a few hours. But “Z’’ Nickel 
performed perfectly after 2,600 hours of continuous service. 


In addition, to prevent corrosion freezing within the bushing, the plunger 
which strikes the bell is made of Monel. 


See 101, | s MONEL * INCONEL’ + NICKEL « “'L NICKEL + 
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a. The Dillon Tester tests rounds, flats, special shapes. Dillon Dynamo- 
Castings meters come in 7 different capacities, (0-250 Ibs. to 0-10,000 Ibs.) 
Ete. All easily, quickly interchangeable. Each is individually calibrated and 
IN STANDARD checked—accuracy guaranteed. Supplied with one set gripping jaws. 


OR ODD SHAPES Hand operation or motorization optional. 


Ww. CC. DILLON & CO., INC. 
PRECISION INSTRUMENTS FOR PRECISION TESTING 
Complete catalog sent on request. 


IT’S FOR YOU . FREE TENSILE STRENGTH 
COMPUTER that tells in seconds the tension at 
which round or rectangular specimens will 
break. Complete information on Dillon multi- 
low range Universal Tester sent along, too. 


W. C. DILLON & CO., INC. 
5410-L W. Harrison St., Chicago 44, Illinois 


Please send me at once, your FREE Tensile Strength Computer and 
Complete Information on the Dillon Tester. 


Company Name 
Individual 
Address 


City 





the low-loss electrical characteristics of polystyrene with 
a marked improvement in toughness. While this im- 
provement in toughness has been achieved by sacrificing 
to some extent the heat resistance of the material, never- 
theless its dimensional stability and good moldability 
have stimulated considerable interest in the refrigerator 
field for structural parts such as breaker strips and 
large area moldings. It is also being investigated for 
crisper trays and similar refrigerator accessory units 
susceptible to breakage. Because this is a relatively new 
material, it is difficult to estimate accurately all of the 
new applications which it might bring within the sphere 
of styrene-like plastics. It is of considerable interest 
since it represents the first major contribution to the 
problem of developing a tough styrene plastic. It is also 
of interest that a similar material has been introduced 
recently by the Rohm & Haas Company as Polystyrene 
X P4706. 

In addition to providing the product designer with 
new materials showing improved heat resistance and 
greater toughness, it has been possible to radically alter 
the solubility characteristics of polystyrene through 
copolymerization. A striking example of this is the 
copolymer formed when styrene is inter-polymerized 
with unsaturated acids, such as acrylic, methacrylic, 
and maleic anhydride. These copolymers are soluble in 
water and dilute aqueous alkali and are finding a num- 
ber of industrial applications as additives. Certain of 
these materials are of particular interest to the electrical 
industry since they show promise in various types of 
surface coatings, and particularly in enamels for coating 
wires. Many of these products have advanced to the 
development stage or beyond and are available in sizable 
quantities. Monsanto’s Lustrex X-810 is an example 
of a product of this type. 

Cross-Linked Copolymers. Copolymerization with 
cross-linking agents (actually the latter are materials 
that link the long polymer chains together) can result 
in styrene resins with radically altered solubility. Such 
cross-linked copolymers are as a rule insoluble in organic 
solvents and show improved heat resistance, but are 
difficult (if not impossible) to mold. Finished parts 
are fabricated or machined from cast forms. General 
Electric produced a styrene copolymer of this type, 
Textolite 1421, in limited quantities during the war. 
This copolymer does an excellent job for certain critical 
electrical applications requiring constant low-loss char- 
acteristics, with high-temperature resistance and service 
under adverse conditions of humidity. 

Also of interest in the field of cross-linked resins are 
the polyester low-pressure laminating resins in which 
the styrene monomer in effect serves as a cross-linking 
agent. These low pressure laminates were developed 
during the war for radar housings and other low-pres- 
sure molded electrical parts. Projected peacetime ap- 
plications include lampshades, machine housings, and 
parts for various electrical devices. 

A considerable amount of interesting research work 
has been carried out attempting to combine the excellent 
characteristics of styrene with drying oils by means of 
copolymerization. This work has also been extended to 
the modification of alkyd-type surface coatings through 
reaction with styrene monomer. Successful solutions 
to the various problems involved are already apparent 
and may have an important bearing on the types of 
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SMALL REVERSING 
CONTACTOR FOR 
CONTINUOUS DUTY 


A new small reversing contactor announced 
by Struthers-Dunn, Inc., 150 N. 13th Street, 
Philadelphia 7, Pa., is constructed for contin- 
uous duty control of A-C or D-C equipment 
such as hoists, door operators and motorized 
valves. The design of this new Type 175KXX 
contactor has been based on broad experience 
in applying previous Struthers-Dunn contactor 
types and incorporates advantages such as 
greater ruggedness and the ability to with- 
stand continuous service. The new unit is ideal 
for built-in applications and completely serv- 
iceable from the front. 


Ratings are: 
AC single phase: 1 hp., 115 or 230 volts 
AC polyphase: 2 hp., 110 or 220 volts 
1 hp., 440 or 550 volts 
1 hp., 115 or 230 volts 


The contactor consists of two 3-pole sole- 
noids for forward and reverse operation mount- 
ed on a common frame and mechanically in- 
terlocked to prevent simultaneous closure. Con- 
tacts are completely insulated with Melamine 
to minimize arcing damage. Open arc chutes 
allow rapid cooling and escape of ionized gases. 


Direct current: 


Auxiliary contacts can be added for electric 
lock-up or interlock. All fixed contacts are 
interchangeable as are the moving contacts and 
corresponding parts on each solenoid. All parts 
are easily replaceable from the front. 


Data Bulletin 7100 containing full details of 
the contactor will gladly be sent on request 
to the manufacturer. 


NEW HANDY 
GUIDE TO 
MIDGET 
RELAYS 


A new catalog-bulle- 
tin just issued by Struth- 
ers-Dunn, Inc., 150 N. 13th Street, Philadel- 
phia 7, Pa., is designed to simplify the selection 
and use of midget relays for almost any appli- 
cation. 





In concise, easily understood form, it con- 
tains complete information on the hundreds of 
Struthers-Dunn Midget industrial control relays 
with the exact contact arrangement, mounting 
details and construction required for each ap- 
plication. It also explains the many physical 
and electrical features that are available to 
adapt standard relays to special conditions. Sev- 
eral recently developed midget types including 
a small Underwriters approved relay with 15 
ampere (115V. AC) contacts are listed for the 
first time. 


A copy of the new bulletin (No. 2100) will 
gladly be sent on request to the manufacturer. 
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protective coatings and varnishes employed in electrical 
equipment. Again, the low cost and the abundance of 
styrene monomer, as compared to certain other ray 
materials, provide the main driving force behind the 

investigations. 

Another class of copolymers of considerable interes 
to the electrical field are those obtained through they 
interpolymerization of styrene with butadiene. Much 
has been written regarding the vitally important war 
time role of GR-S rubber, a copolymer of butadiene 
and styrene. No attempt need be made to review this 
information since styrene is a minor constituent of the 
copolymer. It is interesting to note, however, that just 
as in the case of polystyrene, so in the case of GR-S@} 
rubber, further study of the basic polymerization phe 
nomena involved has resulted in continued improvement 
in the properties. An example of this is the material 
produced by the recently developed low-temperature 
polymerization process. 

There are a number of related styrene-butadiene copo- 
lymers containing larger amounts of styrene than > 
GR-S rubber which are of some interest electrically. 
These include Dewey. and Almy’s Darex copolymers 
No. 3, X-34, X-43 (5); B. F. Goodrich’s copolymers 
Hycar OS-10 and Good-rite Resin 50; Marbon Corpora-, 
tion’s S-1; Goodyear Tire & Rubber Company’s Plio- 
lite S-6; U. S. Rubber Company’s Kralac; and Fire-3 
stone Tire and Rubber Company’s Butaprene SL ory 
SD. The mechanical properties of typical styrene copo- 
lymers of this type are briefly summarized in Table II. 

Darex Copolymer X-34 contains 85 parts styrene and 
15 parts butadiene and was developed principally for 
compounding with natural and synthetic rubbers. In 
combination with rubber, it is used for molded mechan- 
ical goods where superior tear resistance, stiffness, and 
tensile strength are important. This copolymer (as well 
as the more recently developed X-43, which also con-§ 
tains 85 parts styrene) is being used in code wire and 
in high-rubber content insulation for thin-walled tele-| 
phone wire. The electrical characteristics of Darex 
Copolymer X-43 can be summarized as follows : 


| Dielectric strength (vpm) Over 15,000 
F Dielectric constant (at 10® cycles) 2.5 
verly-Hautz All Steel adjustable | Power factor (at 10® cycles) 0.003 


motor slide bases are manufactured to fit NEMA Darex Copolymer No. 3, containing 70 parts styrene 


standard motor frame sizes 203 to 505. Other | to 30 parts of butadiene, is currently being investigated 
as a replacement for vinyl copolymer resins in thermo- 
plastic-type wire insulations. 

Each Overly-Hautz motor base is shipped | Hycar OS-10 is a 50-50 copolymer of butadiene and 
ready for installation including cadmium plated | styrene with a high electrical resistivity that suggests ] 
its application in cable insulation. Because of ease in 
processing, Hycar OS-10 stocks are claimed to be par- 
ticularly adaptable to the continuous vulcanization } 
processes used in the wire-covering industry. 

Good-rite Resin 50 is a recently developed high- 
styrene, low-butadiene copolymer showing the following 
electrical characteristics : 


sizes can be made to specification. 


bolts for mounting motor. 


Insulation resistance @ 70 C (ohm-cm x 1012) wer cae woe 
Dielectric constant (60 cycles) @ 70 C bes perils et 
Power factor (60 cycles) @ 70C . .... 0.0229 
Loss factor (60 cycles) @ 70C .. 


Dielectric breakdown test at room temperature re- 
sulted in flashover with 27,000 volts applied to test 
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Townsend engineered fasteners and parts will save you time and money 


in your operations. Their economy has been proved in many industries 


for use with a multitude of products where cold headed and roll threaded 


items are applicable. Townsend engineers will be glad to help reduce 


our costs by recommending the best standard or specially designed 
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Insulator 
is just the 







answer to our 


problem*” 

































specimen of 26 mil thickness, with 2-in. electrode. 


MS-1, produced by Marbon, like the other styrene- 
butadiene copolymers, was developed primarily for com- 
pounding with synthetic rubbers. Its excellent electrical 
and mechanical properties when mixed with synthetic 
rubbers have led to applications in the wire-insulation 
field, especially for signal wire, telephone wire, sub- 
marine cable, and ignition cable. 

Pliolite S-6 is also a styrene-butadiene copolymer 
developed specifically for blending with natural and 
synthetic rubbers. The following table summarizes the 
change in dielectric constant and power factor at 1 ke 
for various compositions of Pliolite S-6 and natural 





Pliolite S-6 Natural rubber 











90 10 parts 
80 20 parts 
75 25 parts 








































* Required: 
An insulating material, light in weight, resistant to wear, with 
good dielectric strength, ready machinability. National Vulcan- 
ized Fibre with all these qualities, plus—was the perfect answer. 

















In your development of efficient, economical 
products, it pays to investigate 











A tough, horn-like material 
with high dielectric and me- 
chanical strength. Excellent 
machinability and forming 
qualities, great resistance to 
wear and abrasion, long life, 
light weight. Sheets, Rods, 
Tubes, Special Shapes. 
































About one-half the weight of 
aluminum, possesses an unu- 
sual combination of proper- 
ties—a good electrical insula- 
tor, great mechanical strength, 
high resistance to moisture; 
ready machinability. Sheets, 
Rods, Tubes, Special Shapes. 






































The first fish paper developed 
for electrical insulation. 
Strong, smooth, flexible, with 
excellent forming qualities. 
High dielectric strength. 
Sheets, Rolls, Coils. 


To help you solve your specific development problem— 
National Research and Engineering Service —available 
without obligation. 
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rubber with no pigment or loading: 


Dielectric constant 


2.71 
2.69 
3.66 


Finally, in the field of styrene-butadience copolymers, 


Power factor 


0.05 
0.08 
1.98 


reference should be made to Dow’s Latex 512-K. This 
is a stable dispersion of a styrene-butadiene copolymer 
which is finding sizable outlets in paper finishing and 
textiles, but also has possibilities in the electrical insula- 
tion field. An interesting development in the field of 
rubbery styrene copolymers are the so-called S-Polv- 
mers (6) of the Enjay Company, Inc. These materials, 
designated as S-50 and S-60, are copolymers of styrene 
isobutylene polymerized by a low-temperature technique 
similar to that employed for making butyl rubber. These 
copolymers have plastic properties, yet exhibit rubber- 
like characteristics such as extensibility and recovery. 


Table I1]—Electrical Properties of S-Polymers 





Property 
Volume resistivity ohm/cm, 
65 per cent RH, 25 C 


Dielectric strength, short time, 
¥ in. thickness, vpm 
Step by step, \% in. thickness, 
vpm 


Dielectric constant. @ 25 C: 
1 ke 
1 mc 


Power factor @ 25 C: 
50 ke 
1 mc 


| 21 x 101 


610 


2.24 


2.11 


0.00058 
0.00067 





19 X 101? 


528 


0.00062 
0.00065 





They can be combined with Hevea natural latex and 
synthetic rubbers to improve processability, increase 
water vapor and gas barrier properties, and to improve 
electrical characteristics. They have also been suggested 
as blends with hydrocarbon waxes or oils as cable- 
flooding compounds and impregnating mixtures. Their 
uses in the electrical field alone or in conjunction with 
other materials as hot-melt compositions, coatings, and 
for impregnation are definite possibilities. Because of 


the absence of unsaturated double bonds in the copolymer 
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AUTOMATIC RESET 
MANUAL RESET 


KLIXON PROTECTORS 


Assure Long Operating Life 
by Preventing Motor Burnouts in All Types of Equipment 


No matter what the product — 
machine tools, electric appliances, 
adding machines, oil burners — 
you can help build user acceptance 
by using and specifying motors 
with built-in Klixon Protectors. 


These foolproof devices keep 
motors operating by eliminating 


motor burnouts. They take into 
account the factors that cause 
motors to overheat and prevent 
them from burning out by cutting 
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“off” the power when the tempera- 
ture reaches the danger point. 
Then when the motor cools sufh- 
ciently, they snap “on” the power 
either automatically or by manual 
reset depending on the type of pro- 
tector specified. And because 
Klixon Protectors are built-in by 
the motor manufacturer, you get a 
tested and proven combination of a 
motor and protector matched to 
each other assuring safe protection 
for the life of the motor. 


As a user of electrical motors, it 
will pay you to insist on and buy 
motors with Klixon Protectors. 


SPENCER THERMOSTAT 


Division Metals & Controls Corp. 
107 Forest Street, Attleboro, Mass. 





This new 12-pole 
Littelfuse unit can 


be sawed into single 


OTILITY 


or multiple mountings 


Be instantly ready to supply any length open fuse- 
mounting panel; also simplify your parts inventory. 
Stock all five available styles of this new Littelfuse 
12-pole unit. Saw them to 1, 2, 3, 4 or more pole- 
lengths in your own plant as needed; or order them 
cut to your specifications. 
Solder-terminal types are available in 3 and 8 
AG capacities. Terminals are integral parts of clips. 
Screw-terminal types available in 3, 4 and 5 AG 
capacities. Send for Littelfuse Catalog No. 9 today. 


acull p 
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CHICAGO 40, U.S.A. 


LITTELFUSE 


—— 


4761 N. RAVENSWOOD AVE 


WITE-T-LITE - SWITCH-LITE -IGNITION-FRITZ - NEON INDICATORS 
SWITCHES - CIRCUIT BREAKERS - FUSES, MOUNTING AND ACCESSORIES 










Rogan Offers a Wide Variety of Stock Molded 










































































SEND FOR FREE CATALOG 


Save time and tool costs by using Rogan's stock molded knobs. 
Supplied without tool charge; immediate delivery. Wide range 
of sizes, shapes, colors; branded to your specifications. Write 


for free catalog now! 
7500 W. IRVING PK. BLVD. 


ROGAN BROTHERS CHICAGO 18, ILLINOIS 
Compression Molders and Branders of Plastics 






















chain, these copolymers show good resistance to sun- 
light and to age embrittlement. (For electrical prop- 
erties, see Table III.) 

Recently announced as being in pilot-plant production 
is Isopol, a product of the Union Bay State Chemical 
Company. This is described as crystal-clear hydrocarbon 
resin, a product of the copolymerization of approximate- 
ly 75 parts styrene and 25 parts isoprene. (Incidentally, 
a reversal of the usual proportions found in synthetic 
rubber.) It is described as a modified polystyrene in 
which the isoprene functions as an internal plasticizer. 
Maintaining a number of the advantages of polystyrene, 
it is said to have reduced some of the brittleness which 
is characteristic of ordinary polystyrene. While com- 
patible with rubber, waxes and low molecular weight 
resins, it is incompatible with alkyds, vinyls, ureas, 
phenolics and similar polymers. A number of possible 
uses for this material are being investigated; among 
them applications in the coating field. 

Study of the improvements in styrene polymerization 
methods and fabrication techniques and of the newer 
styrene copolymers that have been evolved makes it 
apparent that the application horizons for these materials 
have been widened considerably during the past decade. 
This is true of applications both as electrical insulating 
components and as structural or mechanical parts. The 
trend to products showing improved heat resistance, 
toughness, moldability, and weatherability is well estab- 
lished. Interesting new applications have also been 
developed for special styrene-diene copolymers. While 
some of these materials in the development stage may 
disappear from the scene, it is safe to assume that they 
will be replaced or augmented by a steady stream of 
newcomers to the styrene family showing still more use- 
ful combinations of properties and adaptability to a still 
greater diversity of application in the field of electrically 
operated products. 

It is obvious, moreover, that if styrene is finding 
widespread and increasing use, the original decision to 
use a plastics material and the further decisions that the 
plastic should be polystyrene must have been sound 
both from an economical and from a technical viewpoint. 
It should be stressed that when consideration is being 
given to the use of plastics materials for producing < 
given part, early consultation with the plastics material 
producer will pay rich dividends. It is for this reason 
that some emphasis has been given here to the sources 
from which the various materials considered can be ob- 


f > 


tained. ooo 
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accepted by people 
who know from— 


Experience 


@ When a transformer gets the nod, year 
after year, of such astute buyers as de- 
signers and purchasing agents, the prod- 
uct has to be good. 

These groups have long been specifying 
and buying Standard Transformers for 
control and measuring on such equipment 
as elevators, cranes, electric furnaces, roll- 
ing mills, presses, hoists, and many others. 

Control transformers must be compact, 
accurate, and operate economically. Meter- 
ing transformers require highest accuracy. 
Standard Transformers meet these specifi- 
cations and have proved in many years of 
service, their long life and dependability. 
Standard builds transformers for all classes of service, 
including large power requirements. For indoor serv- 
ice, Standard makes air cooled or Askarel filled, and 


for outdoor service, Standard bas oil filled transformers. 
Specify and buy Standard Transformers. 


THE STANDARD TRANSFORMER CO. 
WARREN, OHIO 
Representatives in Principal Cities 





The Morganite method of 
checking quality at every step 
in brush production — we call it 
Link Control — means 
consistent uniformity of design 
and materials year after year. 
Consistent, also, is the prompt 
collaboration of Morganite 


engineers on your brush problems. 


\ Inquiries are invited. 
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Synchronized Drive in 
Microfilm Camera 
(Continued from page 83) 


high intensity light source makes possible the high 
printing rate of 20 ft per min. 

Control board provides pushbutton operation of ma- 
chine and contains necessary visible signals. Referring 
to Fig. 2, on the left half of machine are main power 
pilot light, main power switch, three-position camera 
selection switch, end-of-film warning pilot light, spacing 
and reset button, and print density control. The three- 
position camera selection switch makes necessary circuit 
changes for the three uses of machine, namely, as a 
camera, direct printer, or enlarger. The spacing and 
reset button performs two functions: (1) it runs off 
film in camera to increase space between images, 
(2) it resets the end-of-film relay in order to run off 
safety wrap (approximately 3 ft of film). Print density 
control is a rheostat in series with light in the film-print 
attachment, used when making film positives. 

On right half of board are light intensity control, 
conveyor motor control switch, and counter. Light in- 
tensity control is a tap changing switch on winding of 
autotransformer for varying the voltage on lamp banks 
to compensate for differences in color reflectivity of 
copy to be microfilmed. Conveyor motor control switch 
is a standard reversing switch which enables operator 
to stop and reverse conveyor in case copy is fed in- 
correctly. 

Through use of the unit plug-in principle, the in- 
dividual sub-assemblies comprising electronic switch, 
relay control and concentrated arc lamp power supply 
chassis can be readily installed on machine. Fig. 9 
shows wiring harness and terminal blocks for all neces- 
sary connections, providing ease of testing and servicing. 
Safety covers are attached to side and back openings, 
completely covering all open terminals. ooo 


Carrier Frequency 
for Remote Timing Control 
(Continued from page 107) 


the master clock. This is accomplished by a converter 
unit shown in Fig. 5, which relays the carrier impulse 
and regulates the devices to the system time. The untt 
is designed for wall mounting in a knockout box with 
a hinged cover. It is normally mounted close to the unit 
to be controlled and may be plugged into a convenient 
outlet. However, permanent wiring is recommended for 
greater reliability. 

Many buildings such as schools need remote buzzers 
or bells to denote the beginning and end of time periods. 
For this purpose three channels of carrier frequency are 
provided. This feature is accomplished by providing 
additional relays in the transmitter which, depending on 
the one selected, change the constants of the oscillator 
circuit and thus generate selective frequencies. Buzzef 
receivers employ the same basic circuit as the unit clock 
receiver except that the constants of the resonant circuit 
vary in accordance with the desired carrier frequency. 
A relay is substituted for the clock magnet and operates 
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Cable that's corrosion-proof for good! 


... another example of GEON’s versatility 


LECTRICAL wiring systems in 

chemical plants lead a hard 
life. They must stand up under the 
corrosive action of such chemicals 
as chlorine, caustic soda, sodium 
chloride and hydrochloric acid— 
any one of which would quickly 
ruin ordinary rubber insulation. 


The problem was solved when 
an insulation of Geon polyvinyl 
chloride plastic was developed. In 
one typical chemical plant, caustic 
soda that ate through concrete had 
no effect on Geon! Wiring systems 
stood up perfectly. Costly replace- 


B. F. Goodrich Chemical Company 


GEON pelyviny! materials + HYCAR American rubber * GOOD-RITE chemicals and plasticizers 
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ments and loss of time were elimi- 
nated. 


Such money-saving, time-saving 
jobs are being done by Geon every 
day in many ways. Geon polyvinyl 
materials can be made resistant to 
acids and other chemicals, ozone, 


wear, water and other normally de- 
structive factors. A wide range of 
colors can be obtained easily. And 
for wire or cable insulation, Geon 
provides more conductors for a 
given space—is easy to draw, easy 
to strip, light in weight. 


Geon-made insulation is widely 
used in the manufacturing, indus- 
trial and utilities fields. It brings 
new economies — new advantages. 
Where the dest insulation is re- 
quired, specify Geon. Send for 
complete information—for answers 
to special applications. Please write 
B. F. Goodrich Chemical Company, 
Dept. J-4, Rose Building, Cleveland 
15, Ohio. 


A DIVISION OF 
THE B. F GOODRICH COMPANY 
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the signal device from the 115 volt line. 

Provision is made for manually keying the transmitter 
to sound the signal individually or in any combination 
for special purposes. The signals are normally pro- 
grammed automatically from a program machine in the 
master clock which keys the transmitter. The program 


G E ~% FE RAL machine is designed for flexibility in setting up signal 
b $ programs and provides a large capacity in a relatively 
y CERAMICS small space, as shown in Fig. 6. The reading bar drum 
uneasy immediately below the clock face consists of a shaft 
i carrying slotted discs and rotated by the pawl and 
ratchet principle. Reading bars having scored projec- 
tions snap into the slotted disks. In order to set up a 
program the proper projections of the reading bar are 
broken off with pliers at the score marks. The projec- 
tions indicate days of the week, AM and PM, hours, 

minutes and the signal circuit to be operated. 
Individual bars represent successive steps in the pro- 
gram rather than positions relative to time as is the case 
@ IGNITION BUSHINGS @ ELECTRIC RANGE PARTS in most program machines. Time indications are repre- 
sented by timing cylinders. When each operation is 
completed the reading bar drum advances to the next 
reading bar and stops but no signal is operated until the 
broken out projections are in agreement with the timing 
cylinders indicating that it is the proper day, hour, min- 

ute, etc., for that signal to be sounded. 

A typical system is shown in Fig. 7. The transmitter 
is coupled to the main distribution panel of the building 
or group of buildings to be served. The transmitter is 

_ under the control of a master clock and the carrier fre- 
@ HEATING ELEMENT SUPPORTS | @ CEILING FIXTURES : quency clock signal is sent out over all the lighting 
ere : branch circuits once each hour. Each of the clocks con- 
nected thereto has a receiver responsive to the carrier 
signal which operates the corrective mechanism of the 
clocks. By means of a program machine in the master 
clock and frequency shifting means in the transmitter, 
carrier signals of different frequencies are transmitted, 
to operate selectively groups of bells, buzzers, and other 
devices. 

This new time system features indicating clocks with 

@ continuously moving hands, a feature not formerly avail- 
@ SOCKET PARTS @ CORD HOLDERS | able in most supervised time systems. In addition, this 
type of supervised time system has obvious advantages 
where plants are spread over considerable area, as well 
as in the normal institutional, manufacturing and busi- 
ness application. O00 
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Porcelain is the ideal low cost 
electrical insulation. General Ceramics offers cles 
a constant supply of porcelain for electrical wiring and Simplifying 
component parts for electrical manufacturing. Standard. Quality Control 
shapes and sizes or custom designs can be supplied 
promptly. Standard unglazed color is white. On re- 
quest, unglazed porcelain parts may also be supplied in 


rey: collec: Standard Gases are white or beown. in- had started a run, was not satisfied, and had readjusted 
quiries and requests for estimates will receive prompt 


attention. Check General Ceramics on ' the die closure. a ‘aes 
your insulating requirements today! GENERAL As in any statistical problem, the utility of the result 


depends upon the care and intelligence used in taking 
the samples for test. If a shipment is being sampled, the 
CERAMICS specimens should be taken from as many different boxes 
and STEATITE CORP. as possible. Successive samples taken from one machine 
KEASBEY NEW JERSEY show what the machine is doing at that moment. The 
: “ same number of samples accumulated at intervals will 
give an overall machine performance. 
When the points are on paper for plotting, and are 
rather widely scattered so that any representative 


(Continued from page 113) 
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How Big does a Video Relay have to be? 


ACTUAL SIZE 


This Type “J” Video 
shows how a numbe 


Type “J Video Relay pro- 
vided with pair of low- 
capacitance contact springs 
for closing a high-frequency 
circuit when relay is ener- 


RCA Engineers posed this question to CLARE when 
available relays for their purpose proved too large, 
too cumbersome. 


The close cooperation between engineers of the two 
companies which resulted has produced the CLARE 
Type “J” Video Relay, which meets every require- 
ment for switching these high-frequency currents... 
and occupies but 7 cubic inches. 
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Success of this cooperation between RCA and CLARE 
engineers in developing a superior small-size, low- 
capacitance relay is not only important to this, the 
world’s largest manufacturer of radio and television 
equipment, but it is of vital interest to every television 
engineer whose designs are often frustrated by the 17 
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cubic inches that other typical video relays require. ae inp: Ne me si 
, ' , eae ia a % 
Clare sales engineers are located in principal cities. eae ‘ PS 
They will be glad to give you full information on this oo” 


new video relay. Their counsel and advice may help 
you solve other relay problems. More and more, in- 
dustrial designers bring their problems to Clare, 
whose long experience in meeting and solving them 
can save you many hours of tedious and costly experi- 
ment. Call your nearest CLARE sales engineer, or 
write to: C. P. Clare & Co., 4719 West Sunnyside 
Ave., Chicago 30, Illinois. 


Capacitance of CLARE Video Relay 


Tests show that this new CLARE relay with a contact 
gap of 0.025” has the following capacitances: 


Interspring Capacitance, Contact Open 


0.5 mmf. at 3 megacycies 
0.5 mmf. at 10 megacycles 
0.55 mmf. at 20 megacycies 


Spring-to-Frame Capacitance, Contact Closed 
ON ee Ne paneer 
1.45 mmf. at 10 megacycles 


1.8 mmf. at 20 megacycles 
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and asked 


ESCO = @ survey Cems 


ky “What do you like most 
" 1 fh ff 


. vYVYY 
equipment?” * lode] © out of 
ff 
fed bal Bd Bed answers were 
exactly the same:* 


“DEPENDABILITY” 
lf you need Dependable motors, ae converters 


and other rotating electrical equipment 














designed to meet your particular needs, write for 
CATALOG 46-1 
*The others praised Esco equipment with answers such as “Rigid Construc- 


tion,’ “Made to Customer's Requirements,” and “Good Service.” 
Specialists in high-frequency, high-speed motors and power supplies. 
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yp VERY ‘SMALL 
_ CONTACTS 


Above — possibly the largest brush yet made. Below — 
silver contacts about the diameter of a pencil lead. They 
all bring you a 29-year intimate acquaintance with 
electrical conditions — a willingness to ferret out your 
needs down to the last ampere — research and manu- 
facturing facilities which will give you the one right 
product for your purpose. Superior brushes and 
contacts will always be worthy of the name. 


Ask for Bulletin ‘““M-4 


SUPERIOR 'CARBON PRODUCTS, INC: 
Cleveland 5, Ohio 


9114 George Avenue @ 
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straight line would be quite distant from most of them, 
it is an indication that a large number of tests is ad- 
visable. 

While the sample curves were drawn from 25 tests in 
the illustration used here, this is in general too small a 
number to be properly representative. For a large lot, 
50 to 100 samples or even more would be better unless 
the test is destructive and the parts expensive. 

Probability paper has proved its usefulness over many 
years. Its predictions, however, have the limitations 
which are inherent in any system of probability. It re- 
veals the percentage variations to be expected in many 
thousands of parts but does not give too much informa- 
tion about a smaller number such as 100 or 200 taken as 
a single lot by itself. Also if a reasonably representative 
straight line cannot be drawn for a test including a large 
number of points, the curve cannot be used for analysis 
but only as a sign of serious trouble in the manner in 
which the quality of the parts is being controlled. OOO 


Predicting Insulation Performance by 


Statistical Analysis 
(Continued from page 112) 





use of this concept does permit the prediction of serious 
winding trouble on a set of coils where low quality 
may be suspected. 

Once the concept of statistical analysis is clear, it 
greatly simplifies visualizing relative characteristics of 
insulation whether they are physical size, dielectric prop- 
erties, or life expectancy. A few simple values can 
describe a vast mass of data which, unanalyzed, may be 
confusing. Knowledge of the central tendency is im- 
portant but a measure of the dispersion also is essential. 
Average alone is misleading. The normality of data or 
their abnormal distribution may be an important indica- 
tion of a significant feature, and it is desirable there- 
fore to plot distribution as well as to calculate the 
standard deviation. Statistical methods provide stand- 
ardized and simplified methods of examining and analyz- 
ing data. They may make some factors more evident 
and give a better perspective of a complex situation but 
cannot replace sound engineering judgement. 

Insulation is one of the most variable classes of mate- 
rials and its manufacture requires the closest super- 
vision and control. Its dielectric level is dependent on 
the quality of the materials and the knowledge and ex- 
perience of the fabricator, as well as his ability to control 
the process within reasonable limits. Statistical control 
and analysis methods have become an important factor 
in establishing and maintaining high quality levels of 
insulation and it is certain that its use will be greatly 
extended. ooO0 
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Synchro Units for 
Remote Indication and Control 


(Continued from page 79) 





phase stator, but in this case the 3-phase winding is the 
primary and is connected to the secondary of a gener- 
ator. The single-phase stator is the secondary and has a 
voltage generated in it proportional to the angular dis- 
placement between the rotors of the generator and the 
control transformer. Both windings have a high imped- 
ance to limit the current drain on the generator. 
Control transformers are purely a voltage matching 
unit and are often used in remote control units where the 
output voltage of the transformer is electrically ampli- 
fied and causes a fractional-horsepower motor to drive 
the required apparatus and the control transformer until 


’ 





Check List of Trade Names of Synchro Units 


Manufacturer Designation 


Arma Corp., Brooklyn Synchro 
Eclipse Pioneer Div. Autosyn 
Bendix Aviation Corp. 
Teterboro, N. J. 















Electric Indicator Co. Elinco Midget Self- 
Stamford, Conn. Synchronous 
Ford Instrument Co., Telesyn 


Div. of The Sperry Corp. 
Long Island City, N. Y. 






This piece accurately molded for 


we General Electric Co. Selsyn 
ss Ny ree Co. : Schenectady, N. Y. 
RS Sen Electric ity 2 || Henschel Corp. Telindicator 
2 _ Amesbury, Mass. 
Send ; mpl Kollsman Instrument Div. Teletorque 
Blueprints or Sa pres Square D Co., Elmhurst, N. Y. JF 
Sig-Trans, Inc. Sig-Tran 








Ku be @| o ee b Amesbury, Mass. 


{1 a77 TOOL CO. 


1204 SOUTHARD STREET, TRENTON 8, N. J. 
Telephone Trenton 4-5391 


the voltage is reduced to zero. When the transformer 

voltage is zero the rotor of the transformer is in the same 

relative position as the rotor of the generator. The 

CONTACT THE sv. of 6 btn a movement of the apparatus is thereby made to conform 
K& J a Telephone—Penn 6-0346 to the movement of the generator. , 

m. T. Wyler, Box 126, Stratford, Conn. Remote control can also be accomplished with stand- 











Telephone—Bridgeport 7-4293 ; : 2 . 
REPRESENTATIVE lel. (i Sateeeee ard generators and motors without the complication ot 
__NEAREST YOU _— 2606 dl ae Pa. electronic means when an accuracy of 2 to 3 deg is suffi- 
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Sealing cover plates | 


that position internal parts 


Where a removable cover plate positions 
internal parts, a metal-to-metal joint pro- 
vides positive alignment and rigidity. 
The most practical sealing material for 
metal-to-metal joints is one that is truly 
compressible. Truly compressible gaskets 
do not side flow under pressure. They de- 
flect only in the direction of the applied 
load. Hence they won't extrude and inter- 
fere with correct mating of the flanges. 
Typical of truly compressible materials, 
Armstrong's DC-100 Cork-and-Neoprene 
will compress up to 33% without ap- 
preciable side flow. And with most fluids, 
its resistance is equal to straight Neoprene. 
Used to seal the flange in figure 1, DC- 
100 replaced a flat paper gasket. Varia- 
tions in paper thickness had caused mis- 
alignment of internal parts. The confined 
cork-rubber gasket insures positive align- 
ment and provides a lasting, oiltight seal. 
The flanged journal of a calender roll 


Send for this gasket handbook 


You'll find useful application and 
specification data in the new, en- 
larged 24-page booklet, ‘‘Arm- 
strong’s Gasket and Sealing Ma- 
terials."’ It contains up-to-date data 
on synthetic rubber, cork-and-syn- 
thetic-rubber, cork composition, and 
fiber sheet sealing materials. 

This booklet includes ten technical 
discussions of the factors influencing 


ARMSTRONG 'S 


modern gasket and joint design. It 
also suggests methods of putting 
Armstrong's stock materials to spe- 
cialized uses in such fields as radio, 
electrical, automotive, petroleum, and 
transportation industries. Also in- 
cluded are typical applications and 
current government specifications. 

For your free copy, fill in coupon 
at right and mail today. 
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was sealed by a flat rubber gasket as in 
figure 2a. Each time worn journals were 
replaced, however, lack of parallelism 
made a costly grinding operation necessary. 
The journal, modified in -figure 2b, per- 
mits quick, on-the-job replacement with 
positive alignment. The cork-and-rubber 
gasket seals coolants and compresses to 
permit perfect mating of the flanges. 
Armstrong’s cork-and-rubber is made 
with natural or synthetic rubber to obtain 
the desired solvent resistance. By adding 
calculated amounts of compressible cork to 
these non-compressible rubbers, Armstrong 
produces compounds in which side flow is 
controlled within specified limits. 
Versatile cork and rubber may help 
solve your sealing problems. We suggest 
that you discuss your application with an 
Armstrong representative. He can > 
suggest suitable materials and sup- 
ply samples for experimental use, 


ARMSTRONG CORK CO. 
Gaskets and. Packings Dept. 
9504 Arch Street, Lancaster, Pa. 


; 
Please send me at once a copy of the new 24- 


GASKETS ¢ PACKINGS @ SEALS 
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page booklet, “Armstrong’s Gasket and Seal- 
ing Materials.” 








cient for the purpose and when the maximum power 
required is in the order of approximately 5 in.-lb. For 
this use a generator drives the motor and the motor 
operates contacts which energize a fractional-horse- 
power motor. This motor operates the contacts and the 
associated mechanism until the circuit is opened, thus 
stopping the driving motor at the required position. 

As there are generally many problems inherent in 
remote control requirements, it is always advisable to 
consult the manufacture of synchronous units in order to 
secure the proper results. 

This article covers a brief description of a few of the 
systems in which these units have been used, but it is 
evident that many other applications are possible. This 
field is so broad that it is impossible to cover all phases 
of use in one brief article. Where any doubt exists as to 
the feasibility of these units for particular applications the 
manufacturers are only too willing to cooperate with the 
engineers in developing proposed systems. ooo 

























Wrapping pigtails in one opera- 
tion with one tape—“SCOTCH” 
No. 33 Electrical Tape—saves 
labor time, gives a quickly ap- 
plied, neat, permanent job. 
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Plenty of room in junction boxes 
when pigtails are wrapped with 
“SCOTCH” No. 33 Electrical 
Tape . . . neater and more com- 
pact than old style wrappings. 


Brass and Bronze 
for Electrical Springs 


(Continued from page 117) 


No crowded juncti | 

0 Crow e junction boxes with ance or where current is carried by the spring. When 

thi PLASTIC BA space is limited and stresses must be high, when ambient 
S PF temperatures are high, or when passage of current gen- 


erates heat in the spring phosphor bronze, 5% provides 





Here’s the tape for faster, cleaner splicing a material whose suitability is exceeded only by higher 
jobs — and for a wide range of other cost age-hardening copper alloys. 

uses in electrical construction and repair. Switches for electric ranges are subject to both inter- 
“SCOTCH” No. 33 Electrical Tape gives nal heating due to current and to higher than normal 
you complete electrical insulation, thorough ambient temperatures, calling for phosphor bronze, 
mechanical protection. Medical equipment and instruments for indication and 


control functions require corrosion resistance, freedom 


Try “SCOTCH” No. 33 Electrical Tape in 
your work. A letter to us will bring com- 
plete information and a trial roll—you will 


be under no obligation. Write Dept. EM-4 
today. 










QUICK FACTS ABOUT 
“SCOTCH” No. 33 Electrical Tape 

© Tough, impervious plastic backing ®@ Stretchy, 

conforms to odd shapes ® High dielectric (over 

7,000 volts) © Thin caliper (.007 in.) 



















Three-position automobile headlamp switch made by 
Cole-Hersie Co. uses hard phosphor bronze, 5% for 
conductivity and corrosion resistance in formed sliding 
spring contacts. 





from failure and in many instances good conductivity. 
Where space limitations allow the use of ample cross sec- 
Boo, 33 tions to keep stresses low, cartridge brass can be used 

j when not subject to stress-corrosion. High silicon bronze 

drat Sayte offers much better resistance to stress-corrosion, and is 

ANOTHER ED PRODUCT somewhat stronger but of lower conductivity. For best 
combination of strength and conductivity phosphor 













: r , 8% is used. 
Made in v.s.A.by MINNESOTA MINING & MFG. CO., st.Pavi6,mim. | Dronze, B70 aia ath ee el 
General Export: DUREX ABRASIVES CORP., New Rochelle, N. Y. Radio an te evision, where easy so ering oO cree 
In Canada: CANADIAN DUREX ABRASIVES LTD., Brantford, Ontario trical connections is important, provide many applica- 
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BETTER BECAUSE . 


Superior water resistance. 
Improved oil-proofing. 
Better spraying quality. 
Higher luster. 

Smoother finish. 

Perfect distribution. 
Economy of use. 

Greater acid resistance. 
Uniform drying. 
Decreased porosity. 

Even color spread. 
Longer life. 

Unmatched hiding quality. 
Stronger adhesion. 

New speed of drying. 


PLUS Matchless Insulation Quality 


*Homogenized Insulating Varnish will not settle 
in drum or can, except when left for extreme 
lengths of time .. . even then varnish will mix 
thoroughly with only the slightest agitation. 


APRIL 1949 


A new development in the insulating varnish 
field which offers many distinct advantages over 
other red insulating enamels now in use. 


The intricate process of finer grinding of pig- 
ments and their near-permanent suspension in 
the final solution gives you an entirely new 
varnish that will do every job better . . . un- 
matched ease of handling (it requires practically 
no stirring or mixing!) .. . insures perfect dis- 
tribution of insulation .. . and anew economy of 
use. All these features plus even higher ratings 
for acid, alkali, water and oil resistance. 


No. 400 Red Insulating Enamel has been 
thoroughly tested and has met or surpassed every 
rigid requirement . . . It will prove its worth to 
you on first trial. 


cEgK GE C. BORTHIG CO., INC. 


autbeiteg bidenrishes 


EAST RUTHERFORD, N. J. * P. O. BOX 115 
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VALLEY Bali Bearing Motors are built in sizes from 
% hp up to 75 hp, providing wide adaptability in 
power planning. VALLEY’S cool running splash 
proof, dust proof construction insures long hours 
of dependable power 
under the most haz- 
ardous conditions. 


You'll find the type of 
Motor you need in 
your power planning 
when you investigate 
VALLEY MOTORS. 


ELECTRIC CORPORATION | 


4221 FOREST PARK BLVD. + ST. LOUIS 8, MO, | 


Front-Mounted 
Terminal 
Boards 


A time-saving feature 
of General Electric 
Machine Tool Transformers 


Wiring’s a cinch on G-E Machine Tool Transformers, 
thanks to front-mounted terminal boards. Only a 
screwdriver is needed for solid, fast hook-ups—no 
splicing, no soldering, no waste. Rugged terminal bar- 
riers effectively separate each connection. 

A large, metal nameplate—containing a wiring dia- 
gram and complete identification—makes installation 
still simpler. Functional, compact design for control- 
panel mounting. 

These reliable transformers give you built-in over- 
load protection and good voltage regulation. Ratings 
from .075 to 3 kva for domestic requirements—an all- 
purpose group for foreign and special applications. 
Write for bulletin GEA-4887. Apparatus Department, 
General Electric Company, Schenectady 5, N. Y. 


GENERAL ELECTRIC 
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tions for brass and bronze springs. Tube socket contacts, 
friction washers, selector switch contacts and connector 
springs of either brass or bronze, depending on temper- 
ature and stress conditions, are often silver plated for 
easier soldering. 

Automotive equipment also makes extensive use of 
cartridge brass, high silicon bronze and the phosphor 
bronzes in ignition timers, headlight and dimmer 
switches, horn and voltage regulator relays. ooo 


Design Trends 
and Transients 
(Continued from page 130) 


closed in a watertight case suitable for outdoor mount- 
ing; a pilot bar, sensitive to a force as small as 20 lb, 
which is rigidly mounted on supporting member; and 
a controller, provided with indicating meter, usually 
located near operator. Gage is operated from a single 


Fig. 1—Complete package includes indicator, relay and 
bridge circuit for magnetic strain gage to register de- 
flections in stressed structural members. Operates from 


110 volt 60 cycle line. 


[=|vm © 


— Fig. 2—Bridge circuit is 


R 
controlled by armature 
movement to indicate de- 
Ro flections on the meter 


Potentiometer 


10 Volts 
60 Cycles 


or signal overloads hy 
means of the relay. 


phase, 110 volt, 60 cycle supply ; voltage and frequency 
variations should not exceed +3 per cent. 
Components of magnetic strain gage are two variable 
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lk pays to use your 


custom molder's 


say Jewel Radio Executives 


@ “How many can we turn out... how 
fast?”’ An experienced custom molder 
sitting in at your planning councils can 
often raise the number that you'd get 
otherwise. 

The Jewel RadioCorporation showed 
Tech-Art Plastics Co. the sketches of a 
new radio and clock cabinet. Fast work 
was urgently wanted...and the finished 
cabinet weighing almost two pounds 


A new bit with plastics users everywhere 


is the handy" Durez ' 


"Wei 
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PROJECT: 
Radio and Clock Cabinet 


CUSTOMER: 
Jewel Radio Corporation 
New York, N. Y. 

MOLDER: 
Tech-Art Plastics Co. 


MATERIAL: 
Mottle-Finish Durez 
Phenolic Plastic 


would need a rather large mold. 
Despite this, Tech-Art engineers of- 
fered constructive suggestions, designed 
the mold, recommended a general-pur- 
pose Durez phenolic plastic, and went 
into production within 10 weeks. 
When a second mold and produc- 
tion line method were put into opera- 
tion, the molder produced at the un- 
usually high rate of 1800 cabinets per 


Laid ile 
L133) u 


know-how 


day. This schedule of deliveries is being 
held month after month on a seven- 
day-week basis. 

Since the success of any part depends 
on the material used in it, Durez field 
technicians often team up with molders 
and customers in product planning. 

We'll gladly serve you...and our ex- 
perience as phenolic specialists covers 
the entire history of the industry. 


MOLDING COMPOUNDS 
INDUSTRIAL RESINS 


PROTECTIVE COATING RESINS 


PHENOLIC PLASTICS THAT FIT THE JOB 
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Let Porcelain Products’ ceramists and electrical 
engineers analyze your insulator problems in the 
development stage. They are experts in design 
simplification and cost reduction. Whether your 
problem calls for casting, turning, pressing hot 
or cold, Porcelain Products is equipped to do it 
better for you. Send your inquiries together with 
prints and specifications today. Your inquiries 
will receive prompt attention. 


Porcelain Products, tne. 


PARKERSBURG, WEST VIRGINIA 





reactors, X-/ and X-2; a matching potentiometer, R 
and R,; high impedance voltmeter and relay all con 
nected in a bridge circuit as shown in Fig. 2. Mounting 
of gage is made at no load on structural member. Unde 
this condition the air gap space in reactors are made 
equal and bridge circuit is balanced by means of potenti- 
ometer resistor. 

When structure is being operated, a strain on sup 
porting member will cause movement of armature which 
increases the impedance of one reactor (a bridge arm) 
and decreases that of the other. This results in an un. 
balanced voltage indicated by the meter. Additional 
strain will further increase the meter deflection until a 
point is reached where contacts of a sensitive relay are 
set to close, operating a visible or audible device. O 0 0 


Electroforming Tolerances 
To the Editor: 


Referring to the article, “Three Metallizing Tech- 
niques” in your February issue, the mention of Cerrotru 
on page 200 states that tolerances of the order of +0.002 
in. are possible with electroformed parts made of this 
alloy. Two competent electroformers have reported they 
are obtaining tolerances of +0.0002 in. with Cerrotru. 
This material is an alloy of two metals with a composi- 
tion of 58 per cent bismuth and 42 per cent tin, a melting 
point of 281 F, and a tensile strength of 8000 psi. It has 
a low growth after casting, reaching about 0.0005 in. 
per in. at the end of 4 or 5 hr after casting —O. J. Seeds, 
Cerro dePasco Copper Corporation, New York, 000 


Variable Voltage Power 

New wide range power supply unit developed by 
General Electric features a continuously variable voltage 
output from 500 to 50,000 volts with a maximum cur- 
rent output of 1 ma. Designed for laboratory applica- 
tions where a variable voltage at low current is required, 
the new power supply can be used in electron diffrac- 
tion studies, mass spectroscopy studies, research on 
high-intensity screens for cathode ray tubes, electron 
microscopy, and projection television experiments. 

The high voltage is attained with exceptional com- 
pactness through the use of a radio frequency oscillator, 
power amplifier, r-f transformer, and a ladder-type volt- 
age tripler circuit. Use of the r-f source, at about 40 ke, 
makes possible reduction of the output ripple to a low 
value by simple filtering means. 

Developed by the General Engineering and Consult- 
ing Laboratory, the Wide Range Power Supply has been 
designed with exceptional stability as to output voltage, 
ripple, and load regulation. Output power, supplied 
through a 15-ft x-ray cable, is not affected by variations 
in line voltage or frequency. Full compensation is made 
for ambient temperature changes, and precision regula- 
tion is attained through the use of two regulating loops 
in cascade. 

A switch on the control panel provides for the selec 
tion of two ranges: 500 to 5000 volts and 5000 te 
50,000 volts. Output voltage may be turned on or off 
by easily accessible, momentary pushbuttons. A gravity- 
operated grounding device shorts the output terminals} 
when the high voltage is turned off. The output voltage 


ELECTRICAL MANUFACTURING 





: Wy) DS) ey 
\ F, | 7 4 have to beat 
: NV y, 





approved by Underwriters Laboratories at 
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. Vv Flame Resistant V Heat Resistant 

: CENTIGRADE 600 voits High Dielectric VJ Easy Stripping 

i Manufacturers of Vacuum Cleaners, / High Insulation Resistance 
Refrigerators, Electric Fans, Business 
Machines and any other appliances, 

4 should know about the exceptional 

f performance of our Underwriter V Also unaffected by the heat of 

" Approved ‘‘NOFLAME-COR” for use impregnation— therefore, ideal 

; where immunity to heat is of ex- for coil and transformer leads 

treme importance. Immediate deliv- 

ery. All sizes. Solid and stranded. 

Over 200 color combinations. Write 

for engineering data and samples. 


V Facilitates Positive Soldering 
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“made by engineers for engineers” 
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M.D. HUBBARD SPRING CO. 
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@ In Chicago Automatic 
Rivet Setters from 1 to 4 
tubular or split rivets are 
fed, inserted and clinched 
in a fraction of a second 
with each operating pedal 
release. Adjustment on 
some models permits hand- 
ling different sizes of rivets, 
Riveting machine also 
adaptable for eyelets, grom. 
mets or drive screws. 


FREE Fastening Analysis 


Your output may be increased and 
cost reduced if you investigate. Send 
sample assembly and blue print. 





CHICAGO RIVET & MACHINE CO. 
9609 W. Jackson Bivd., Beliwood, lil. ‘cuicaco susurs 
Tubular and Split Rivets In All Rivet Metals 








and output current may be read on two panel-type meter 
at the top of the equipment. Controls are provided ty 
turn on or off, to adjust the voltage, and to adjust the 
plate current in the oscillator tubes. 

Ripple is between 0.006 per cent and 0.04 per cent 
depending upon output voltage and load. Drift is legs 
than 20 parts per million per min on the low voltage 
range and less than 100 parts per million per min on the 
high voltage range. Ooo 












Worm Gear Efficiency 





W. F. SCHAPHORST, M. E. 


Here is a designer’s rule for quickly determining the 
efficiency of worm gears, based on published test curves 
of worm gear manufacturers. It is more accurate than 
other approximations, such as the AGMA formula: 

Efficiency = 100 Y ratio. 

For single worm reductions, the rule is as follows: 
Multiply the reduction ratio r by 0.0047 and subtraet 
the product from 1. If the ratio is 20:1, we have: 

20 « 0.0047 = 0.094 
1 — 0.094 = 0.906 or 90.6 per cent 

This rule does not work for ratios beyond 100:1, as 
eventually the answer would come out zero or a negative 
value if the product, r & 0.0047 became greater than 1. 
In practice, however, single reductions as great as even 
50:1 are seldom made because of their inefficiency (1 
— 50 x 0.0047 = 0.765 or 76.5 per cent by the for- 
mula). Higher efficiencies are attained by using two 
reductions. For an overall reduction of 50:1, for in- 
stance, let us assume the first reduction to be 5:1 and 
the second, 10:1. Then 

Ist reduction: 1—0.0047 « 5 =0.977 

2nd reduction: | 0.0047 « 10 = 0.935 

Overall efficiency = 0.977 « 0.953 « 100 
= 93 per cent 

Let us suppose a reduction of 2500:1 is desired. This 
result can be obtained in several ways. If two reduc- 
tions of 50:1 were used, the efficiency would be 

76.5 X 76.5 = 58.5 per cent 

If a quadruple reduction were selected involving 5:1 
and 10:1 ratios used in pairs as before, the overall ef- 
ficiency would be 93 & 93 = 86 per cent, making this 
latter choice obvious. ooo 


Photoelectric Gas Analyzer 


Complete details on a device for continuously record- 
ing the concentration of nitrogen in gas mixtures by 
photoelectric means are contained in a report now avail- 
able from the Office of Technical Services of the Depart- 
ment of Commerce. 

The nitrogen meter, developed by the University of 
Pennsylvania under government contract for the evalua- 
tion of oxygen supply systems used in high-altitude 
flying, is expected to have other applications in the field 
of analytical gas chemistry. In the form in which it has 
been used, the device measures a mixed gas sample of 
about 0.5 cc per sec at 1 atm. It has a delay interval 
between sampling and analysis of 0.1 sec and a 90 per 
cent response interval of an additional 0.02 sec. 

Sample from the system under analysis is caused to 
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. They both prefer 
Bristol’s Socket Head Cap Screws 


Pencil: “With Bristol’s Socket easily into place, fitting per- 
Head Cap Screws, designs can fectly.” 


be more compact—small pock- — 
ote, sanieuar Canton. te: Pencil: ‘“‘The great strength of 


because of the internal wrench- 


Bristol’s special alloy steel, 
ae heat-treated, means they can 

be tightened beyond the point 
where screws normally loosen 


Wrench: “It’s easier for the as- : ; 
due to shock and vibration.” 


sembly man, too—particularly 

in hard-to-get-at places.” Wrench: ‘And Bristol’s 5-step 
en inspection means that every 

Pencil: “‘Bristol’s Socket Head one is a perfect fastener.” 

Cap Screws mean flush surfaces 

for better appearance and 

safety.” 


Bristol’s Socket Head Screws are ROR ax 
made in cap and set styles .. . RRR ste 
regular Hex and Multiple-Spline ERR 
socket . . . National Fine and 


wrench without fumbling or National Coarse Threads . . . 81ZeS 
from No. 4 wire to 1 in. diam... . 


a Se of skid various metals and finishes. Car- 
; ried in stock by top distributors 


— everywhere. Also, special shapes. 
Pencil: “The Class 3 fit pro- Send for Socket Screw Catalog, 
duces - lock-tight engagement addressing THE BristoL Com- 
in the hole. PANY, Mill Supply Division, 153 

Bristol Road, Waterbury 91, Conn. 


Wrench: “They take the 


Wrench: “Bristol’s Socket 
Head Cap Screws are knurled See us at Booth 866 
for easier starting, and they spin TRIPLE MILL SUPPLY CONVENTION 


Multiple-Spline and Hex Socket Screws... Cap and Set 


BRISTOLS 


Only BRISTOL gives you the right SOCKET SCREWS 


Socket Screw for every application 


d 


7 
] Seal Bw 
SL 
Qe 


MARCH 1949 211 





ANCHORED-FOR-PERMANENCY 


STRAIN RELIEFS 


Wherever exterior cables or cord conductors are used to 
provide the power source, Gripmaster Strain Reliefs 
offer positive proof against cable failure. These inex- 
pensive, easy to install safeguards securely anchor the 
cord at entry point and prevent loosening at the termi- 
nals. Withstand pulls to 100 Ibs.; Underwriters accepted. 


3 types, many sizes, to fit any cord or cable connection. 


GRIPMASTER ALL-METAL TYPE 


A low cost strain relief easily ap- 
plied to the end of a cable or con- 
ductor with ao pair of special pliers. 
Made in one piece and available 
in five sizes. Sturdy wing end con- 
struction permits cable to be firmly 
anchored and protects terminals 
against loosening. 


All fibre, this type is designed to re- 
duce failures and protect the useful 
life of power cables and cords on 
electrical appliances and machines. 
Clicks on, locks in position. Tight grip 
absorbs cord pull and prevents un- 
ravelling of insulation. 7 sizes. 


For all types of cord equipped elec- 
trical equipment. Particularly svited 
to volume production. May be ap- 
plied by means of a special hand 
tool or foot pedal—operation 

unit. Forms a neat, compact 
ring around cable. Available in 7 
different sizes. 


WIRE BINDING SLEEVES 


For prevention of fraying of 
cord ends. Specially treated 
rubber tubes available in 
five sizes to fit wires to .790 


evn sens; 
AVENUE, PASSAIC, NEW JERSEY 


GEORGE WALKER COMPANY 





flow through an electrical discharge tube, whose ligh 
output varies with the nitrogen content. The intensit 
of this light is measured with a photoelectric cell thy 
permitting rapid determination of the nitrogen. Tht 
meter will indicate air leakage into oxygen masks, ¢ 
rate the performance of supply systems using oxyge 
masks, or rate the performance of supply systems using 
oxygen diluted with air. It is effective in low-pressuy 
chambers used for the simulation of high altitudes, ang 
is also useful in lung function studies in medical research 

Complete constructional details of the device, as wel 
as its theoretical basis are detailed in the 32-page repon 
PB 95882, available from the Library of Congres 
Photoduplication Service, Publication Board Projeg, 
Washington 25, D. C., at $5.00 in photostat, $2.25 in 
microfilm. Orders should be accompanied by check o 
money order payable to the Librarian of Congress. 0 00 


Vitreous Enamel for Aluminum 

To give increased resistance to corrosion and adde 
decorative features, two new alloys of aluminum can 
now be finished in special vitreous enamels developed 
by Du Pont. 

Enamelled aluminum is said to be unusually mar-resist- 
ant, but if chipped or cracked will not develop unsighth 
rust. Cost of enamelling aluminum is somewhat higher 
than applying porcelain on steel since production is 
still on a small scale. 

Alloys for which this enamel is applicable include 
61-S wrought and 43 casting alloy. The enamel contains 
lead making it unacceptable for food containers. Resist- 
ance to acids and alkalis is comparable to enamel on 
steel. Equipment for applying enamel to aluminum 
substantially the same as for steel but enamels are fired 
at a much lower temperature. ooo 


Mobilization Plan 


Digest of plan proposed by the Electronics 
Equipment Industry Advisory Committee of 
the Munitions Board 

(Continued from May, page 218) 

To insure an adequate supply of electronic con 
ponents, including tubes, for an initial industrial mobil- 
zation “buffer”, the following procedure is recommended 
for prompt action: 

1. Accelerate work on the JAN program of standard- 
ization, test and certification of components. 

2. Compute an adequate stock of JAN specification 
components to provide for mobilization requirements 
and current usage. 

3. Let a single procurement agency combine re 
quirements and place orders to insure that all capable 
components manufacturers share with quantities suf- 
ficiently large to permit economical production. 

4. Procure initial stock expeditiously and maintain 
at proper level by subsequent procurement. 

5. Distribute supply of components to continental de- 
pots strategically located with respect to electronics 
industry with stocks in proportion to industry capacity 
in each depot area. 

6. Bin-stock components in accordance with Federal 
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MILK A COW. Milking machines use controlled 


vacuum and gentle fluctuations to get the milk. Most 
manufacturers use V-Belts to drive the compressor, 


WHY V-BELTS? Because they ignore the deteri- 


orating effects of dirt, dust, moisture and animal acids 
present in every barn. What’s more, milking machines 
must be compact. V-Belt drives permit the use of 
shorter centers, smaller pulleys. Save weight and space. 


SHAKE NUTS FROM A TREE. Raising nuts 
is big-time business. A leading pecan grower uses a 
steel cable and an eccentric drive (V-Belt driven) to 
gently shake the ripened nuts from the trees. 


WHY V-BELTS? They absorb shock loads, with- 


stand sudden power. They have a long service life, inex- 
pensive. Operate any where with little or no maintenance. 


WHAT HAVE YOU DONE WITH V-BELTS? 


All of the above are drive applications design engineers 
have told us they have made using Dayton V-Belts. 
We share them with you in hopes they may help you 
in your work. We’d like, in turn, your experiences. If 
you have used V-Belts to solve an unusual problem and 
think it would help your fellow engineers, write and tell 
us. We’ll be happy to publish it on this page, giving 
you full credit, of course. 


FLY A HELICOPTER. An aviation engineer has 


recently designed a helicopter that uses V-Belts to trans- 
mit the power from the engine to the rotors. 


WHY V-BELTS? Because they are one of the 


most efficient methods of transmitting power known. 
They won’t slip or stall. They are light, long wearing, 
easy to maintain. And they eliminate shafts, gearing 
and expensive machining. 


KEEP TOLERANCES TO + or—.OO01. 


When machine tool makers build machines that produce 
parts held to absolute tolerances, they depend on V-Belt 
drives to transmit the power. 


WHY V-BELTS? Because V-Belts won’t vibrate. 


They start and run smoothly. Absorb the shocks of 
sudden starts or overload. 





WHAT WOULD YOU LIKE TO DO? 


V-Belts have the happy faculty of making drives more 
efficient, or cheaper, or easier to maintain. Dayton en- 

ineers are skilled in how to use them. Dayton builds 
all kinds of V-Belts, for normal drives, high a 
shortest possible centers, unusual conditions of heat, 
oil or static, and the like. They are available in all sizes. 
Write us your drive problem. We'll be happy to help 
you solve it. Address The Dayton Rubber Company, 
Dayton 1, Ohio. 


tom Aubber 


| Day 
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THE MARK GF TECHNICAL EXCELLENCE IN NATURAL AND SYNTHETIC RUBBER 













PERE 


RESISTORS 


to 

Ts 

at Tih 
resistor 
problems 





because Ward Leonard has that 
many types of resistors in stock 


You can get immediate delivery on Ward Leonard 
Vitrohm wire-wound resistors—both adjustable and 
fixed—in watt ratings from 5 to 200 and resistance 
values from 1 to 150,000 ohms. 

Resistive element embedded in Ward Leonard’s ex- 
clusive crazeless vitreous enamel, gives these resistors 
consistent accuracy and stability even under the most 
prolonged adverse operating conditions. 


Write for Resistor Catalog D130. Ward Leonard 
Electric Co., 34 South Street, Mount Vernon, N. Y. 
Offices in principal cities of U. S. and Canada. 


WARD LEONARD 
ELECTRIC COMPANY 


rT 


RR eail- EE xgnccued Coritiols 
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Standard Stock numbers and use for normal maint 
nance on existing equipment. 
7. Supply each contractor (and prospective contrag 
tor) with Federal Stock Catalog of applicable classes, 
&. Make these components available GFM to con 
tractors working on current procurement contracts, 
9. In case of mobiliztaion permit each contractor 
draw on depot stocks up to the first three months com 
ponents requirements for his scheduled production, 
10. Subsequently issue components from depots 
an allocation basis depending on supply and _ require 
ments. 












































To obtain the widest possible participation by all mem 
bers of the industry, the following are recommended: 

1. Make the fullest possible use of the negotiate/ 
contract provisions of Public Law 413, 80th Congress, 
with particular reference to Section 2(c) (16) as im. 
plemented by the Armed Services Procurement Regu 
lation of 9 May 1948, especially the provisions oj 
Paragraph 3-216, as well as the following sections a 
implemented in the Regulation : 
(2c)(10)—Supplies or Services for which it is im 
practicable to secure competition by formal advertising 
2(c)(11)—Experimental, developmental, or research 
work, 
2(c)(13)—Technical equipment requiring standardiza- 
tion and interchangeability of parts. 
2(c) (14)—Technical or specialized supplies requiring 
substantial initial investment or extended period of 
preparation for manufacture. 

2. Provide a central place in which members of the 
electronics industry may present their viewpoints, par- 
ticularly those groups which it is expected would com- 
prise the selected bidding lists for complicated produc- 
tion contracts and with whom contracts would be nego- 
tiated. 

3. Simplify and reduce duplication in both current 
procurement and in procurement practices that would 
govern in the mobilization period by: 

A—Establishing one agency to perform inspection 
for all Services. 

B—FEstablishing uniform costing procedures and 
cost administration by a single agency. 

C—Developing uniform contract forms and pro- 
visions to be used by all Services. 

D —Establishing a single renegotiation and con- 
tract termination agency to act for all Ser- 
vices. 

4. Gurantee, if desired, the award of initial produc- 
tion to the organization which handled the research and 
development phases of a given equipment. 

5. Because manufacture of electronic equipment re 
quires high technical skills, it is recommended that only 
qualified concerns have an opportunity to bid on con- 
tracts, but that all concerns be given an opportunity to 
qualify. 

6. Offer reasonable assurance to organizations con- 
tributing to the plan that there will be continuity and 
maintenance of an approximately uniform level of plant 
loading. 

7. Provide assistance in financing, particularly m 
respect to long-term projects. 

8. Provide assurance of a reasonable profit margin 
for military contracts. oaeg 


















































































ELECTRICAL MANUFACTURING 


Your Product, 
too, may be an 
Award Winner! 


_— the founding, in 1935, of the 
annual ELECTRICAL MANUFAC- 
TURING AWARDS IN PRODUCT 
DESIGN, deserved tribute has been 
paid to engineers and designers of a 
broad category of products. These 
products—all electrical in their oper- 
ation or function—include: 


ADDRESSING MACHINE 

AIR CONDITIONING EQUIPMENT 
ARC WELDER 

AUTOMATIC CHUCKING MACHINE 
BLUE PRINTING MACHINE 
BOOK BINDING MACHINE 
BROILER 

CASH REGISTER 

CHAFING DISH 

CIGARETTE VENDING MACHINE 
COMMERCIAL COOKING APPLIANCES 
CONE-DRIVE, WORM GEAR GENERATOR 
DENTAL MACHINE 

ELECTRIC IRON 

ELECTRIC RANGE 

ELECTRONIC MICROMETER 
ELECTRON MICROSCOPE 

FAN HEATER 

FIRE ALARM CONTROL UNIT 
FOOD DRYER 

FOOD MIXER 

GEAR HOBBER 

HEADLAMP TESTER 

LIGHTING EQUIPMENT 
PERFORATING MACHINE 

OIL BURNER 

PLASTICS MOLDING MACHINE 
PUSH BUTTON STATION 

RADIO TUBE TESTER 

RAILROAD AXLE LATHE 

ROOM COOLER 

SNAP-ACTION SWITCH 
SOLENOID STARTING SWITCH 
SOUND ANALYZER 

SPHERE LAP GENERATOR 

SPOT WELDER 

TELESCRIBER 

TIME RECORDER 

X-RAY EQUIPMENT 


See pages 89-92 for announcement of the 
llth ANNUAL ELECTRICAL MANUFAC- 
TURING PRODUCT DESIGN AWARDS 
COMPETITION. Then plan how you may 
win honors for your new or re-designed 
product, and for your company, your section 
or department. 
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Outstanding 
Properties of 


ACME MAGNET WIRE 


Acme Magnet Wire has not only the ability to 


| meet every electrical requirement, but also the 


extreme toughness, durability and good slip nec- 


| essary to undergo the physical severity unavoid- 
| able in modern, high speed winding. 


In winding motor armatures, for instance, where 
the wire must be forced into narrow slots, extra 
abrasion resistance pays dividends in reduced re- 


_ jections. Acme Wire affords this safety margin. 


In coil winding, wire with good slip, instead of 
piling up and later loosening, slides smoothly and 
evenly into place, making a job that will stay 
tight. Acme Wire fills these requirements. 


Acme Wire is supplied in the following insula- 


| tions: 


FORMVAR NYLON 
ENAMELITE COTTONTITE 
GLASS 


Member Electrical Insulating Varnish Section of NEMA 


Wire 
PRODUCTS 


INSULATING VARNISHES—VARNISHED INSULATIONS 
COILS 


Acme, 


THE ACME WIRE CO. 
NEW HAVEN, CONN. 
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Guide to Buying 


UMA LAMA CUR Sa LAAN) 


@ An alphabetically arranged list of all those product components 
and services offered by Electrical Manufacturing advertisers. Cor- 
rected monthly, the content is currently up-to-date and complete 
though the publisher assumes no responsibility with regard to 
products or names listed or failure to include any. 


Always refer to advertisers’ index, preceding back cover, for 


Page number of advertisers’ latest advertisements. 


Write the 


Director, Reader Service, Electrical Manufacturing, if either 
product or company information sought is not found here. 





ADHESIVES 
Ambroid Co., 305 Franklin, Boston 16, 
sane Cork Co., 9503 Arch, Lan- 


castér, Pa. 
innesota Mining & Mfg. Co., 
— Ave., St. Paul 6, Minn. 


ALUMINUM liane 
Aluminum Company of America, iS 
Blde.. Pittsburgh 19, Pa. “Alcoa. 


900 Fa- 


ederated Metals Div., Smelt- 
. & a Co., 120 Broadway, 
ear oMietals Co., 2055 6. Ninth, 
Louisville 1, Ky. 

AMMETERS. See Instruments. 


ANODES, PLATING 


American Brass oe Waterbury 89, 
.  “Anaconda.”’ 
ban ant Co., Inc., 118 Astor, Newark 


_ x 2 
ptaneed Brass Co., Bridgeport 32, 


Conn, (Copper.) 
Chase Brant & Copper Co., Inc., Water- 
bury 91, 
de Nemours & Co., Inc., E. L, 
7 foctro-Chomioals Dept., Wilmington, 


Del. 

‘eder Metals Div., American Smelt- 
=r Refining Co., 120 Broadway, 
New York, N 


2 ie 
General Plate Div., Metals & Controls 
Corp., eae Attleboro, Mass. 
ah Harman, 32 Fulton, New York 
7, 


Y. (Stlver.) 
c ., Dept. A, 2200 
Phosp! Bronze Corp. Pp 46, Pa. 


Washington a, poe 
ana” & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 
Seymour Mfg. Co., Seymour, Conn. 
ASBESTOS SLEEVING. See Sleeving 
and Tape, Asbestos. 
BALANCING MACHINES 
Bear Mfg. Co., Dept. B13, Rock Island, 


Til. 
Westinghouse Elec. Corp., P.O. Box 868, 
Pittsburgh 30, Pa. 


BALLASTS FLUORESCENT LAMP. 
See Fluorescent Lamp Auxiliaries. 


BALLS, BEARING 
Hoover Ball Bearing Co., Ann Arbor, 


SKF Industries, 21s Front & Erie Ave., 
ilade! a ile 
ouen — Ball Co., 1850 S. 54th Ave., 
Cicero 50, Ill. 


BASES, MOTOR. See Motor Slide 
Bases. 


BATTERIES, DRY 


Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. “Tropical.” 

Radio Corp. of America, Commercial _En- 
gineering Section 41-CR Harrison, N. J 


Vitamite Co., 227 W. 64th, New York 
23, N. Y. 
BATTERY ELIMINATORS. See Power 


Supply Units, Rectifier. 


BEARINGS, BABBITT 
Bronze Co., 570 8. Mill, New 
Johnson 


le, Ps. 8 or B ed. 
ne Products Division of Genera) 
Motors, Dayton, 0. (Steel-Backed.) 


BEARINGS, BALL (Miniature) 


Landis & Gyr, Inc., 104 5th Ave., New 
York 11, N. Y. 
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Miniature Precision Bearings, Ine., 
Keene, N. H. 

New Departure Div. General Motors, 
Bristol 1, Conn. 

Norma-Hoffmann Bearings Corp., Dept. 
H, Stamford, Conn. 

BEARINGS, BALL and ROLLER 
(Radial and Thrust) 

Fafnir Bearing Co., New Britain, Conn. 


Pears Bearings Co., Inc., Poughkeepsie, 
Hoover Ball and Bearing Co., Ann 


Arbor, Mich. 
Jack & Heintz Precision Industries, Inc., 
Cleveland 1, O. 


McGill Mfg. Co., Inc., Valparaiso, Ind. 

New Departure Div., ral Motors, 
Bristol 1, Conn. 

Norma-Hoffman Bearings Corp., Stamford, 
Conn. ‘‘Cartridge.’’ 

SKF Industries, Inc., Front & Erie 
Ave., Philadelphia 382, Pa. 


Timken Roller Bearing Co., Canton 6, O. 
BEARINGS and BUSHINGS, BRONZE 


Bound Brook Oil- Less Bearing Co., 
Bound Brook, N. J., ‘‘Bound Brook,” 
“‘Compo.”’ 

Chase Brass & Copper Co., Inc., Water- 
bury 91, Conn. 

Johnson Bronze Co., 570 8. Mill, New 
Castle, Pa. (Bronze on Steel) 
“*Leadoyl.”’ 


Mallory & Co., Inc., P. R., Indianapolis 


» Ind. 

Moraine Products Div., General Motors, 
Dayton, 0. 

Morganite, Inc., qe, oe Ave., Long 


Island City 1, N. ° 
National Formetal Co., 2. 6611 Metta 
“Dept. A, 2200 


Ave., Cleveland 14, 

Phosphor Bronze Corp., 
Washington Ave., Philadelphia 46, Pa. 
“Elephant Brand.” 

Randall Graphite Bearings, Inc., 609 W. 
Lake, Dept. 315, Chicago 6, Ill. 


BEARINGS AND BUSHINGS, 
—— (Powdered 
a 


Amplex Mfg. Co. Div., Chrysler Corp., 


Dept. B, Detroit 31, Mich. 
Bound Brook Oil- Less Bearing Co., 
Bound Brook, N. J. 
Johnson Bronze Co., 570 Mill, New 
: Castle, Pa. 
Moraine Products Div., General Motors, 


Dayton, O. 
National Molded Products, St. 


Marys, Pa. 
Randall Graphite Bearings, Inc., 609 
W. Lake, Dept. 315, Chicago 6, III. 


Inc., 


BEARINGS AND BUSHINGS, NON- 
METALLIC 


General Electric Co., Plastics Div., 
Chemical Dept., BC-11, 1 Plastic Ave., 
Pittsfield, Mass. ‘“Textolite.’’ 

National Vulcanized Fibre Co., Wilming- 


ton 99, Del. 
eee Co., Lockland, Cincinnati 15, 
Ryerson & Son, Inc., Joseph T., Chicago, 


Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 30, Pa. 


BEARINGS, FLEXIBLE (Rubber- 
backed) 


Lord Mfg. Co., Erie, Pa. 


BEARINGS, NEEDLE 

McGill Mfg. Co., Inc., Valparaiso, Ind. 
BELLOWS, METALLIC 

Clifford Mfg. Co., Div. of Standard- 
Thompson Corp., 152 Grove, Waltham 
54, Mass. ‘‘Hydron.’’ 


BELT DRIVES. See Drives, V-Belt. 


BENDERS, BRAKES and SHEARS 
(For Die-Less Duplicating) 


O’Neill-Irwin Mfg. Co., 309 Eighth Ave., 
Lake City, Minn. Di Acw 


OTeyiien copra (Rod, Strip 


Tube, Wire 


Bytom Corp., Dept. 1E, Reading 1, 


a. 

ee & Co., Inc., P. B., Indianapolis 
. nd, 

Riverside Metal Co., Riverside, N. J. 

BIMETALS. See Thermostatic Bimotals. 


BITS, SCREW AND BOLT. See Sock 
Screw Keys & Wrenches. “ . 


BLADES, FAN 
Barber-Coleman Co., Rockford, Ill. 


BLOCKS, PILLOW 


Fafnir Bearing Co., New Britain, Conn. 
Norma-Hoffmann Bearings Corp., Hamil- 
ton Ave., Stamford, Conn. 

Randall Graphite Bearings, Inc., 609 W. 
Lake St., Dept. 315, Chicago 6, III. 
SKF Industries, Inc., Front St. & Erie 
Ave., Philadelphia 32, Pa. 


BLOCKS, TERMINAL. See 
Blocks and Boards, Terminal, 


BLOWER WHEELS. 
and Blower. 


BLOWERS. See Fans and Blowers. 


BOBBINS, COIL. See Coil Cores and 
Forms, 


Strips, 


See Wheels, Fan 


BOLTS. See Fasteners. 


BOXES, METAL. 


See Cabi 5 
Metal. —- 


Sheet 


BOXES and CRATES, WIREBOUND 
See also Containers, Packaging and 
Shipping. 
Rathborne, Hair & Ridgway Co., 1440 W. 
21st Place, Chicago 8, III. 
Wirebound Manufacturers Assn., 
1840, Borland Bldg., Chicago 8, 


BRAKES, BENDING. See Benders, 
Brakes and Shears. 
BRASS. BRONZE AND COPPER 

All Commercial Forms 

(For Wire, See Wire and Cable, Bare) 


American Brass Company, Waterbury 88, 
Conn. “‘Anaconda’’ (Also Tobin Bronze, 
yg Copper and Selenium Copper 

joys). 

American Nickeloid Co., Peru 8, Ill. (pre- 
finished). ‘‘Nickeloid.’’ 

Bridgeport Brass Co., Bridgeport 2, Conn. 
(Also “‘Duronze’” Silicon Bronze and 
Aluminum Alloys). 

Bristol Brass Corp., Bristol, Conn. 

Chase Brass & Copper Co., Inc., Water- 


bury 91, Conn. 

Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, N. J, 

Federated Metals Div., American Smelt- 
ing & Refining Co., 120 Broadway. 


New York, N. Y. 
Hussey & Co.. C. G., Pittsburgh, Pa. 
Ilsco Copper Tube & Products, Inc., Cin- 


cinnati 27, O. (Copper Tubing) 


Johnson Bronze Co., 570 8. ill, New 
Castle, Pa. (Bronze Bars). 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 


BRAZING ALLOYS, SILVER 
te Co., Inc., 113 Astor, Newark 5. 














Callite Tungsten Corp., 547 S9th, 
Union City, N. J. 

Chase Brass & Copper Co., Inc., Water- 
bury 91, Conn. 

General Plate Div., Metals and Controls 
Corp., 403 Forest, Attleboro, Mass. 
Handy & Harman, 82 Fulton, New York 
7, N. Y. ‘“‘Easy-Flo,’’ ‘‘Sil-Fos.” 
hey 6 Co., Inc., P. K., Indianapolis 

6, Ind. 
Makepeace, D. E., Co., Attleboro, Mass. 


BRAZING DISCS, RINGS and 
WASHERS 


American Brass Co., Waterbury 88, Conn. 

Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 30, Pa. 

——*. a saa. 82 Fulton, New York 


BRONZE. See Brass, Bronze & Copper; 
also Phosphor Bronze. 

BRUSHES: CARBON, GRAPHITE, 

Becker Brothers Carbon Co., 3450 8. 52nd 
Ave., Cicero 50, I. “BBB.” 
island City 1, N. Y. 

National Carbon Co., Inc., Dept. EM, 30 

Speer Carbon Ca, S88, “Marys, Pa. 
*Muftiflex.’’ 

Superior Carbon Products, Ine., 9114 
George Ave., Cleveland 5, O 
Pittsburgh 30, Pa. 

BUSHINGS 
COMPOSITION, see Plastics-Custom. 
FIBRE, see Fibre, Vulcanized. 

MICA, see Mica. 
PORCELAIN, see Coramies. 


METAL-GRAPHITE 
Morganite, Inc., 3302—48th Ave., Long 
E, 42nd, New York 17, N. 
Stackpole Carbon Co., St. Marys, Pa. 
Westinghouse Elec. Corp., P. O. Box 868, 
BEARING, see Bearings and Bushings. 
GLASS, see Glass, Technical. 
BUTTONS and CLIPS, SNAP 


FASTENER 
United-Carr Fastener Corp., Dept. 13, 
Cambridge 42, Mass. 
Cuyahoga Spring Co., 10270 Berea Rd., 
Cleveland 2, O. ‘Snap Clip.”’ 
CABINETS, SHEET METAL (Boxes, 
Chassis, Housings, Panels, Jacks, 
Tanks) 


Karp Metal Prods. Co., 211—63rd, Brook- 
lyn 20, N. Y. 

Overly-Hautz Co., 11500 Madison Ave., 
Cleveland 2, O. 

Riester & Thesmacher Co., 1256 W. 25th, 
Cleveland, O. 

Worcester Pressed Steel Co., 602 Barber 


Ave., Worcester 6, Mass. ‘‘Presteel. 
CABLE. See Wire & Cable. 
CABLE ASSEMBLIES and HAR- 


NESSES. See Harnesses & Assemblies, 
Wire. 


CAMBRIC, 
Insulating. 


CAPACITORS 


Aerovox Corporation, New Bedford, Mass. 
Aircraft-Marine Products, Inc., 1504 N. 
Fourth, Harrisburg, Pa. ‘‘A-MP.”’ 

Electric Auto-Lite Co., Toledo 1, O. 
Federal Telephone and Radio Corp., Dept. 
a 100 Kingsland Rd., Clifton, 


N. J. 

General Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. Y. 
**Lestrofilm.’”’ 

alles ” Co., Inc., P. B., Indianapolis 
, Ind. 

Sangamo Electric Co., Springfield, Il. 

Sprague Electric Co., North Adams, Mass. 

Stackpole Carbon Co., St. Marys, Pa. 


CARBON AND GRAPHITE: 


VARNISHED. See Fabrics, 


(Contacts, 
Electrodes Anodes, Bearings, Discs, 
Piles, Plates, Plungers, Rings, Seals, 
etc.) 
(See also brushes: Carbon, Graphite, 
Metal-Graphite) 
Becker Brothers Carbon Co., 3450 8. 52nd 
Ave., Cicero 50, Nl. “BBB.” 
Morganite, Inc., 3302—48th Ave., Long 
Island City 1, N. Y. 
Speer Carbon Co., St. Marys, Pa. 
Stackpole Carbon Co., St. Marys, Pa. 
CASTINGS, ALUMINUM. See also Cast- 
ings, Die. 
Aluminum Company of America, 2179 Gull 
Bldg, Pittsburgh 19, Pa. ‘*Alcoa.’’ 
Bound Brook Oil-Less Bearing Co., Bound 
Brook, N. J. 
Permold Co., 800 W. Liberty, Medina, 0. 


CASTINGS, BRASS, BRONZE, COPPER 

Allis-Chalmers Mfg. Co., 937A 8. 170, 
Milwaukee 1, Wis. 

Bound Brook Oil-Less Bearing Co,, Bound 
Brook, N. J 


Johnson’ Bronze Co., 570 8. Mill, New 
Castle, Pa. 
Mallory & Co., Inc., P. R., Indianapolis 


. In 
Phosphor Bronze Corp., Dept. A, 2200 
Washington Ave., Philadelphia 46, Pa. 


CASTINGS, DIE 


Aluminum Company of America, 2179 Gulf 
Bldg., Pittsburgh 19, Pa. (Aluminum) 

Electric Auto-Lite Co., Toledo 1, Ohio 
(Aluminum & Zinc.) 

Madison-Kipp Corp., 214 Waubesa, Madi- 
son 10, Wis. (Aluminum & Zinc) 
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Would you like 

to have 

the opportunity 

to slash 

your spring costs? 


AT LEFT —A TYP 
NOTHELFER BUIL 
TRANSFORMER 

3 Phase Plate R 


Transformer 240 


at 12'2 KVA. 0 
40° rise. 154% 


Over 25 years’ ex- 
perience in the 
manufacture of spe- 


cials at cost that 


Te KEY to lower spring costs is 
in design and manufacture. Perhaps 
in your own case, a small modifica- 
tion in design which would not 
affect your product’s performance 


would make it possible to substan- 
tially reduce the cost. Or maybe 
your springs are being made in 
several operations when one would 
suffice. Skilled springmakers here 
at Accurate have the experience — 
the “know-how” —to recognize 
such conditions and to correct 
them! Our manufacturing facilities 
are modern and complete — we 
have the equipment to do the job 
right, at the lowest cost to you. 


We would welcome the oppor- 
tunity to show you what we have 
done for others and point out what 
we can do for you. Write, wire or 
phone, today; your inquiry will 
receive prompt attention. 


compares favorably 
with standard types. 
Built-in quality 
proved by years of 
actual use. 

From 10VA to 300 
KVA Dry-Type Only. 
Both Open and En- 
cased, 1, 2, and 3 
Phase, 15 to 400 
Cycles. 


INDUSTRIAL TRANSFORM 
with Internal wiring Cc 
partment for BX or 
duit from % to 15 K, 


has 


A dependable source of supply! 


ACCURATE SPRING MFG. CO. 
3817 W. Lake St. * Chicago 24, Ill. 


NOTALLEER 


WINDING LABORATORIES 


pe 11 ALBERMARLE AVE. TRENTON 3, N. J. 
Springs, Wire Forms, Hampings 
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$1,500 inventory abolished 
~at a cost of $4.46! 































































































































With more than 700 vacuum tubes needed by industry, a 
tube distributor would find profits consumed by 100°, in- 
ventories. But by ordering tubes as needed via Air Express, 
he holds stocks to 25°. Example: Orders $1.500 tube at 
9 a.m. from supplier 900 miles away. Delivered to customer 
6-P.M. same day. 16 lbs.: cost, $4.46. 






















































































Remember, $4.46 
included speedy pick- 
up and delivery serv- 
ice, too. More protec- 
tion, because you get 
a receipt for every 
shipment. Air Ex- 
press is world’s fast- 
est shipping service. 




























































































Your Air Express ship- 
ments go by the Sched- 
uled Airlines direct to 
1300 airport cities; fast- 
est air-rail for 22,000 
off-airline offices. Ship- 
ments keep moving 
with ’round-the-clock 
service: 



























































Facts on low Air Express rates 


19 lbs. of machine parts goes 600 miles for $3.54. 
9-lb. carton of new styles goes 1400 miles for $3.99. 
(Every kind of business finds Air Express pays. ) 



































Only Air Express gives you all these advantages: Special pick-up 
and delivery at no extra cost. You get a receipt for every shipment and 
delivery is proved by signature of consignee. One-carrier respon- 
sibility. Assured protection, too—valuation coverage up to $50 
without extra charge. Practically no limitation on size or weight. 
For fast shipping action, phone Air Express Division, Railway 
Express Agency. And specify “Air Express delivery” on orders. 











































































Rotes include pick-up ond delivery door 
te deor in oll principe! towns ond cities 






























































AIR EXPRESS, A SERVICE OF RAILWAY EXPRESS AGENCY AND THE 


SCHEDULED AIRLINES of THE U.S. 
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New Jersey Zine Co., 160 Front, New 


York 7, N. Y. 


Alloys.) ‘“‘Horsehead.’’ 
CASTINGS, GRAY IRON 
Eaton Manufacturing Company, Foundry 
ee 9771 French Rd., Detroit 13, 
ch. 
Electric Auto-Lite Co., Toledo, O. 
Wheland Co., Foundry Div., Chattanoogs 


2, Tenn. 


CASTINGS, PRECISION (Lost-Wax 
Process) 


Allis-Chalmers Mfg. Co., 937A 8S. 70, 

Milwaukee 1, Wis. 

International Nickel Co., 67 Wall, New 

York 5, N. Y. (Nickel and Alloys.) 
Monel.’ 


‘Inco,"’ “‘Inconel,”’ 


CATHODE RAY TUBES. See Tubes, 


Cathode Ray 


CEMENT, CERAMIC 


Titanium Alloy Mfg. Co., Div. of Nat. 
Lead Co., 111 Broadway, New York, 
=» 2 "san 


CEMENT, INSULATING AND SEALING 
Ambroid Co., 304 Franklin, Boston 10, 
Mass. 


Bakelite Corp., Unit of Union Carbide & 
Carbon Corp., Dept. 15, 30 kK. 42nd, 
New York 17, N. Y. 

duPont de Nemours Co., E. I., Finishes 
Div., Wilmington, Del. 

General Electric Co., Section RIMA-678, 
Resin & Insulation Materials Div., 
Chemical Dept., Schenectady 5, N. Y. 

Maas & Waldstein Co., Newark 4, N. J. 


Titanium Alloy Mfg. Co., Div. of Nat. 
Lead Co., 111 Broadway, New York, 
m 

CERAMICS 
Electrical Porcelain (A) 

Refractory Porcelain (B) 
Steatite (Lava) (C) 
Zircon Porcelain (D) 
Akron Porcelain Co., 2725 Cory Ave., 


Akron 14, 0. (A). 
American Lava _ Corp., Soetieneae 5, 
Tenn. ‘“‘“ALSIMAG.”” (C 

Ceramic Specialties Co., 488 W. Sixth, 
East Liverpool, O. (A). 

Colonial Insulator Co., 907 Grant, Akron 
11, O. (AB). 


Macomb, 


General Ceramics & Steatite Corp., Keas- 
bey, N. J. (AC). 

Illinois Electric Porcelain Co., 
fll. (A). 

Knox Porcelain Corp., Knoxville 1, Tenn. 
(A). 

Louthan Mfg. Co., 2000 Harvey Ave., East 
Liverpool, O. (ABCD) 

New Jersey Porcelain Co., New a Ave. 
& Plum, Trenton 5, N. J. (AB 

l’orcelain Products, -., 422 w. San- 
dusky, Findlay, O. 

Square D Co., 6060 Rivard, Detroit 11, 
Mich. (A). 

Star Porcelain se 41 pomanes Ave., 
Trenton 9, N. (AB 

Steward Mfg. co “D. a  exmennn 1, 
Tenn. ‘‘Lavite.” so) 

Stupakoff Ceramic Mfg. Co., Latrobe, Pa. 
“Insulcon.’ (ABCD). 

Titanium Alloy Mfg. Co., Div. of Nat. 
Lead Co., 111 Broadway, New York, 
N. Y. “TAM” (D). 

Universal Clay Products Pn. 1540 E. 
First, Sandusky, O. ( 

Westinghouse Elec. Corp., >.0. Box 868, 
Pittsburgh 30, Pa. (A). 

CHROME NICKEL ALLOYS. See Re- 
sistance Alloys. 

CIRCUIT BREAKERS 

Allis-Chalmers Mfg. Co., 937A 8. 70, 
Milwaukee 1, Wis. 

General Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. Y. 

Heinemann Electric Co., 99 Plum, Tren- 
ton, N. J. ‘‘HECO.’ 

Littelfuse, Inc., 4761 Ravenswood Ave., 
Chicago 40, Ill. 

— D Co., 6060 Rivard, Detroit 11, 
Westinghouse Elec. Corp., P. O. , Box 868, 
Pittsburgh 30, Pa. *"De-ion.’ 

CLAMPS, GROUND 

Burndy Engineering Co., 107 Bruckner 
Blvd., New York 54, N. . 

Ilsco Copper Tube & Products Co., Cin- 
cinnati 27, O. 

— Mfg. Co, H. B., Battle Creek, 
ich. 


CLAMPS, TEST 


Burndy Engineering Co., New York 54, 
te 

Chase Brass . Copper Co., Inc., Water 
bury 91, 

Mueller Electrie “Co., 1583 E. Sst, Cleve 
land, O. 


CLEANING COMPOUNDS, METAL 
Oakite Products, Inc., 18H Thames, New 
York 6, N. Y. 


CLIPS, SNAP. See Rings, Retainer & 


Snap. 
CLOTH, INSULATING. See Fabrics, In 
sulating. 
CLOTH, TRACING. See Tracing Clot 
Paper. 
CLUTCHES 
106 W. 4th, Elmira. 


a Corp., 
. 4 


ann Clutch Div., 
Products, Inc., 1201 
8.W., Canton 6, 0. 


Automatic Steel 
Camden Ave.. 


(Zine Die Casting 





COAXIAL CABLE. See Wire and Cable, 
Insulated. 


COIL CORES AND FORMS (See alm 


Ceramics; Tubing, Paper.) 


Paramount Paper Tube Corp., 


612 Lafay- 
ette, Fort Wayne 2, Ind. 


Precision Paper Tube Co., 2035 W 
Charleston, Chicago 47, 

Stackpole Carbon Co., St. Marys, Pa 
(Serew-Type, Molded Iron). 





COILS and WINDINGS 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Anaconda Wire & Cable Company, % 
Broadway, New York 4, N. Y. 

Cambridge Thermionie Corp., ” 458 Consere 
Ave., Cambridge 38, Mass. 

Comar Elec. Co., 3148 N. Washtenaw Ave., 


Chicago 18, i. 
Coto-Coil Co., a 65 Pavilion Ave, 
"98 Main, Winsted. 


Providence 5, 

Dano Electric Co., 
Conn. 

Davis & Co., Inc., Dean W., 1006 Firm, 
Kentland, Ind. 

paiete in nae Co, ces Huron, Mish 
eral Telephone an o Corp., Dept. 
F- ™. 100 Kingsland Rd, Cliftern 


N. 

General Electric Co., Section os 
Apparatus Dept., Schenectady 5 Y 

Gramer Company ‘3184 S. Pulaski Nieok 
Chicago 39, Ti. 

Kurman Electric Ps 35- ie 87th, Lene 
Island City 1, N. Y. 

Nothelfer Winding Laboratories, 11 Albe 
marie Ave., Trenton 3, N. J. “H-W-L” 

Radio Corporation of America, Commer- 
cial Engineering, Section 41-CR, Harri- 
son, N. J. 

Electric Corp., 


Solar Central Ave. 
Warren, Pa. 

Wheeler Insulated Wire Co., 1202 B. 
Aurora St., Waterbury 91, Conn. 
COIL WINDING MACHINES 

Driver Co., Wilbur B., 150 Eiversids 


Ave., Newark 4, N. J. 

ideal Industries, Inc., 1008 Park Ave, 
Sycamore, I)l. 

Universal Winding pa. P. O. Box 1608. 
Providence 1, R 


COMMUTATORS 


Kirkwood Commutator Co., 1845 Carnegie 
Ave., Cleveland 15, O. 

Nippert Electric Products Co., 1759 W 
ound, Columbus 16, 0. Box 1908 
“*Nepco.”’ 

Westinghouse Electric Corp., P. O. Bos 
868, Pittsburgh 30, Pa. 


COMMUTATOR SAWS and SLOTTERS 


ideal Industries, Inc., 1008 Park Ave 
Sycamore, Ill. 


COMPOUNDS, SEALING. See Cement 
insulating & Sealing also Waxes ar” 
Compounds. 


COMPOUNDS, VARNISH. See Ve 
nishes, Compounds and Resins. 


CONDENSERS. See Capacitors. 


CONNECTORS, WIRE & CABLE 


Aireraft-Marine Products, Inc., 1504 Q 
Fourth, Harrisburg, Pa. ‘‘A-MP.’’ 

American Brass Co., Waterbury 88, Cons 

Buchanan Electrical Prods. Corp., 130 
Central Ave., Hillside, N. J. 

Burndy Engineering Co., 
Bruckner Blvd., New York Pr “*. a 

Cannon Electrical Development €o., 
B-118, 3209 Humboldt St., Los Ang 
31, Calif. 

Chase Brass & Copper Co., Inc., Water 
bury 91, Conn. 

Federal Telephone and Radice o., om 
ytis, 900 Passaic Ave., E. 


General Electric Co., Section Q39-2232, 
Construction Materials Dept., Bridge- 


port 2, Conn. 

Ideal Industries, Inc., 1008 Park Ave. 
Sycamore, Ill. 

ilisco Copper Tube & Products, Inc., Cin- 
cinnati 27, O. 

Krueger & a. Third & Vine Sts 
Cincinnati 2, 

Mines Baulpment Co, 4223 Clayton Ave.. 


St. Louis 1 

Morse Co., Frank W., 1300 Soldiers 
Field Rd., Boston 35, 58. 

Russell & Stoll Co., 125 Barclay, New 
York 7, N. Y. ‘“‘Ever-lok’’ 

Scintilla Magneto Div., Bendix Aviation, 
Sales Dept., Sidney, N. Y. 


Sherman Mfg. Co., H. B., 12 Barney. 


h. 
Solar Electric Corp., 
Warren, Pa. 
Winchester Electronics Co., 6 E. 46th, 
New York 17, N. Y. 


Central Ave., 


CONTACTORS, MAGNETIC. 
& Contactors. 


CONTACTS AND CONTACT POINTS 
ayer 6 Co., Inc., 113 Astor, Newark 5, 


Brainin or, C. 8., 233 Spring, New 
York 1 Y. 

Callite RR Corp., 547—39th, Unios 
City, N. J. 

Fansteel_ Metallurgical Corp., North Chi- 
cago, Ill. ‘‘Fasaloy,’’ ‘‘Fastell.’’ 

General Plate Div., Metals and Controls 
Corp., 403 Forest, Attleboro, Mass. 

Gibson Electric Co., 8349 Frankstows 
Ave., Pittsburgh 21, Pa. ‘“‘Gibsiloy.’ 

eee D. E., Co., Attleboro, Mass. 
, Ind. 

Mallory & Co., Inc., P. R., Indianapolis 

Stackpole Carbon Co., St. Marys, Pa. 


See Relays 





ELECTRICAL MANUFACTURING 
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line. 


Submit your requirements 
for quotation or design sugges- 
tion. Twenty-four hour service. 
For information concerning all 
types made by Interstate, send 


for Catalog C-48. 


Designed to specifications. 
Ready to install on the assembly 


Tee 


UL LU las) as 


DESIGNED 10 
Naan at 


. 
ahmed ol el=re| 
Braided 
Laced 
Armored 


Molded rubber 


Representatives in principal 


cities. 


ULSI cael te 


137 SUSSEX AVE. 






Wire winding on fibre-glass 
core. 


* 


Axial bare pigtail leads 
clinched to ends. 


* 


Ceramic tube filled and 
sealed with cold-setting in- 
organic cement. No blister- 
ing, cracking, bulging. 


* 


Type C7GJ, 13” x 35", 7 
watts, 5000 ohms max. Type 
C4GJ, 1" x 35", 4 watts, 
1000 ohms max. 
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NEWARK, N. J. 


‘ é: , 


% A chip off the old block! Handy, in- 
expensive, ceramic-cased midget wire- 
wound resistor for tight spots and point- 
to-point wiring. Tough. Green-colored. 
The junior version of the famous Green- 
ohm. > Write for Bulletin lO. 
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on another 


PANTHER and DRAGON 
TEST 


fo assure you of 
tapes that last 


@ One of the many tests PANTHER and DRAGON 








| Friction Tapes undergo is “accelerated aging.” In the 
oven illustrated, test samples are baked to give the 


effect of many months aging under natural conditions. 
These “aged” tapes always compare favorably with 


| their original high standards of adhesive qualities. 


That’s why PANTHER and DRAGON Tapes make 
good splices that last... that’s why more and more 
tape users ask for PANTHER and DRAGON. 

‘ Sold only through recognized independent whole- 
: salers. The Okonite Company, 
Passaic, New Jersey. 
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ESPECIALLY DESIGNED 
for INDUSTRIAL USE 


@ EXIT LICHTS @ SIGNAL LIGHTS 
@ PILOT LIGHTS @ TEST LAMPS 


Nalco Carbon Lamps are setting records of extra 
hours of service—wherever they're used—because 
they’re engineered for rugged industrial perform- 
ance. Actual tests in use prove their long-life 
superiority where inductive kick-back can feed 
into the lamp circuit. And where vibrations are 
constantly incurred. Nalco Carbon Lamps pay for 
themselves through longer, trouble-free service, 
fewer bulb replacements. 


NALCO Carbon Lamp for Every Need 


Standard types, shapes, sizes and colors are 
available, as well as special shapes, colors and 
construction features. Standard screw and spe- 
cial bases are supplied according to your needs. 


Send for catalog sheets and price lists. 


NORTH AMERICAN 
Electric Lamp Ca. 
1082 Tyler Street St. Louis 6, Mo. 


Any Type or Kind of 


Electrical Porcelain 


@ It intrigues you to see the many interesting porce- 
lain pieces being made by Colonial, one of America’s 
oldest and largest porcelain manufacturers. The glazed 
porcelain tubing below is being made for sliding con- 
tact resistors. Colonial also makes tubing of unglazed 
refractory porcelain for wire-wound resistors. Your 
inquiries on any type of electical porcelain are invited. 


ms The Colonial Insulator Co. 
Sey 


907 Grant St., Akron 11, Ohio 
Chicago Office: 
2753 W. North Ave 
iA Telephone HU-6809 
MADE TO ORDER 





Superior Carbon Prods., 9114 George Ave., 
Cleveland 5, O. 

Wilson Co., H. A., 105 Chestnut, Newark 
5, N. **Wilco.”’ 

CONTACTS, CARBON. See Carbon & 
Graphite. 


CONTACTS, HEATER PLUG and TAP 


Heyman Mfg. Co., 500 Michigan Ave., 
Kenilworth, N. J. ‘“‘Heyco.’ 


CONTAINERS, PACKAGING and SHIP- 
PING. See also Boxes and Crates, 
Wirebound. 

Gair Co., Iinc., Robt., 155 E. 44th, New 
York 17, N. 

Gaylord Container Corp., 111 N. 4th, St 
Louis 2, Mo. 

Hinde & Dauch, | 4901 Decatur, 
0. “‘Flexpac,”’ “‘Plypac,’’ 
Rathborne Hair . Ridgeway Co., 

2lst Place, Chicago 9, Ill. 

Union Bag & ee Corp., 

Bldg., New York 7, N. Y. 


CONTRACT MANUFACTURING 
ee Goods Mfg. Co., Manitowoc, 
jis. 


Sandusky, 
“*Prepac.”’ 
1440 W. 


Woolworth 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1316 8. Second, Mil 
waukee 4, Wis 

Allis-Chalmers Mre. Co., 
Milwaukee 1, Wis. 
Arrow-Hart & Hegeman Elec. Co. 


ford 1, Conn. 
Electro Switch Corp., 193 Broad, Wey- 
Furnas Electric Co., 300 McKee, Batavia, 


93TIA SL Tt 


, Hart 


mouth 88, Mass 


Electric Co., Section E668-67 
Schenectady 5, N. Y. 
4041 N. Richards, 


General 
Apparatus Dept., 

Square D Company, 
Milwaukee 12, Wis. 
Ward Leonard Electric Co., 34 
Mt. Vernon, N. Y. 

Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 30, Pa. 


CONTROLS, FLOAT and LIQUID 
LEVEL. See Switches. 


CONTROLS, PHOTOELECTRIC. 
Photoelectric Cells and Tubes. 


connate. PRESSURE and TEMPER- 
E. See also Relays, Switches, 


ommiaalage 
Allen-Bradley Co., 1316 S. Second, Mi)- 
4901 


South 


See 


waukee 4, Wis. 
American Relay & Controls, Inc., 
Flournoy St., Chicago 44, Ill. 
Barber-Colman Co., Rockford, Il. 
Bristol Company, 158 Bristol Rd., Water- 
bury 91, Conn. 
Brown Instrument Co., 4466 Wayne Ave., 
Philadelphia 44, Pa. 
Edison, Inc., Thos. A., Instrument Div.. 
289 Lakeside Ave., W. Orange, N. 
Fenwal, Inc., 51 Pleasant, Ashland, Mass. 


“'Thermoswitch.”’ 
General Controls, 801 Allen Ave., Glen- 
Section E668-67, 


dale 1, Cal. 
General Electric Co., 
Apparatus Dept., Schenectady 5, N. Y. 
Hart Mfg. Co., 211 Bartholomew 
Ave., Hartford, 
Mercoid Corp., 
Chicago 41, Ill 
Robertshaw-Fulton Controls Co., 
wood, Pa. 
Spencer Thermostat Co., Div. of Metals & 
Controls Corp., 103 Forest St., Attle 
boro, Mass. 
Square D Company, Richards, 
Milwaukee 12, Wis. 


Belmont Ave., 


Young- 


4041 N. 


CONTROLS, REMOTE. See Push Button 
Stations; Relays and Contactors, 
Switches. 

CONVERTERS, ROTARY. 


VIBRATOR. See Vibra- 


See Motors. 


CONVERTERS, 
tor Converters. 


COPPER. See Brass, Bronze and Copper. 


BERYLLIUM. See Beryllium 


COPPER, 
Copper. 


CORD and TWINE, and 
COIL 


ARMATURE 


Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 66, Ill 
Mica _ Company, Schenectady 1, 


Mitcheli-Rand Insulation Co., Inc., 51 
Murray, New York 7, SF = 

Varfiex Corp., Rome, N. 

Westinghouse Electric *y P. O. Boz 
868, Pittsburgh 80, Pa. 


CORD, INSULATED. 
Cable, Insulated. 


CORD, RESISTANCE LINE. 
sistance Line Cords. 


CORD SETS 


eee Electric Heater Co., 

ich. 

Belden Mfg. Co., 4633 West Van Buren. 
Chicago 44, Ill. 

Cornish Wire Co., Inc., 15 Park Row. 
New York 7, N. Y. ‘‘Corwico.’’ 

Electric Auto-Lite Co., Toledo, O. 

Eesex Wire Corp., Ft. Wayne, Ind. 

General Electric Co., Section W11-1122, 
Construction Materials Dept., Bridge- 
port 2, Conn. ‘‘Flamenol.”’ 

Interstate Mfg. p=. 125 Sussex Ave.. 
Newark 4, N. 

Mines *Baulpment Co., 4223 Clayton Ave 
St. Louis 10, Mo. 


See Wire and 


See Re- 


Detroit 2. 


Vhalo Plastics Corp., 25 Foster, Wores. 
ter 8, Mass. 

K. I. Appliance & pues Co., 
Weeden, Pawtucket, R. 

Royal Electric Co., Inc., Ries, W, Pap 
tucket, R. I. 

United States Rubber Co., 1230 Avenue 
the Americas, New York 20, N. Y. 

Westinghouse Electric Corp., P. O. 
868, Pittsburgh 30, Pa. 


CORES, COIL. See Coil Cores and Form 


CORES, POWDERED See Po 
dered Metal Products. 


CORES, REFRACTORY. See Ceramics 


CORES, TRANSFORMER 
Acme Elec. Corp., 353 Water, Cuba, N, ¥ 
oO. 


Westinghouse Electric Corp., P. 
868, Pittsburgh 30, Pa. **Hipersil.” 


CORK and CORK COMPOSITIONS 


Armstrong Cork Co., 9503 Arch, Lanem 
ter, Pa. 


COTTON SLEEVING. See Tubing ow 
Sleeving, Braided Fabric. 


COUNTERS 


Bristol Company, 153 Bristol Rd., Wate 
bury 91, Conn. 
Veeder-Root, Inc., Hartford 2, Com 

**Countrol.’”’ 


COUPLINGS, FLEXIBLE 


Crocker-Wheeler Electric Manufacturiy 
oe Div. Joshua Hendy Corp., Ampen 


» a 
Gilliard Corp., 106 W. 4th, Elmira, N, 7 
a ite. Co., Erie, Pa. (Bonded Ru 
r 
Westinghouse Electric Corp., P. O. Be 
963, Pittsburgh, Pa. 


CRYSTAL UNITS, QUARTZ 


Cambridge Thermionic Corp., 453 Concon 
Ave., Cambridge 38, Mass. 

Federal Telephone and Radio Corp., = 
to 100 Kingsland Rd, Clifton, 


IRON. 


CUPRO NICKEL. See Nickel and Nice 
Alloys. 


CUSTOM MOLDERS. See Plastics - 
Custom Molders and Extruders. 


DECALCOMANIAS 


Meyercord Co., Dept. 7-1, 5323 W. 
Chicago 44, Tl. 

Palm, Fechteler & Co., Dept. EM. 2 
W. 42nd, New York 18, N. C. 


OIAL LIGHT ASSEMBLIES. See Light 
Pilot & Indicator. 


DIALS, PANEL and INSTRUMENT 


Etching Co. of America, 1520 Montam 
Dept. E-11, Chicago 14, Ill. 
Mica Insulator Co., Schenectady 1, N. ¥ 


DIE CASTINGS. See Castings, Die. 


DIE CASTING MACHINES 


tlydraulic Press Mfg. Co., 
Rd.. Mt. Gilead, O. 
3942 W. 


Lake 


1004 Mario 


Kux Machine Co., Harrison St 


Chicago 24, Ill. 


DIELECTRIC HEATING UNITS. Se 
High Frequency Heating Units. 


DIES, LAMINATION and 
PERFORATING 

Advance Die & Tool Co., Madison 
Ave., Cleveland 2, O 

Crescent Tool & Die Company, 178 
Southfield Rd., Lincoln Park 25, Mich 


DRAFTING EQUIPMENT and 
MATERIALS 

Eastman Kodak Co., Industrial 
graphic Div., Rochester 4, N. Y. 

Keuffel & Esser Co., Hoboken, 
“*Paragon.” 


DRAWN METAL SHAPES. 
Stampings, Metal) 

Electric Auto-Lite Co., Toledo 1, O. 

Worcester Pressed Steel Co., 602 Barber 
Ave., Worcester 6, Mass. ‘‘Presteel.” 


DRILLS, AIR FEED 
Keller Tool Co., Grand Haven, 


DRIVES, ELECTRONIC 
Federal Electric faa Co., 50 Parte 


Newark 5, N. J. 
Electric Co., Section E676-282 


Schenectady 5, N. ¥ 
1054 
ayy,” 


6800 


Photo 
“Nd 


(See ale 


Mich. 


General 
Apparatus Dept., 
“*Thy-Mo-Trol.’ 

Reliance Electric & Engineering Co., 
Ivanhoe Road, Cleveland 10, O. 

Westinghouse Electric Corp., P. 0. Bot 
868, Pittsburgh 30, Pa. ‘*Mototrol. 


DRIVES, V-BELT 

Allis-Chalmers Mfg. Co., 937A 8. 70 
Milwaukee 1, Wis. =e 

Dayton Rubber Co., Dayton 1, 

DoALL Company, 254 N. tome Ave., 
oo Til. (Transmissions, Pul- 
eys 

United States Rubber Co., 1230 Avenue of 
the Americas, New York 20, N. Y. 


DUPLICATING MACHINES, DIELESS. 
See Benders, Brakes & Shears. 


DYNAMOTORS. See Motors. 


ELECTRICAL MANUFACTURING 





XC OMORROW’S 
AUTOMATIC 


CONTROLS 














TODAY 


Leading Manufacturer of 


SPECIAL PORCELAINS 
for fifty years. 


A half century of wide experience 
has made STAR one of the leading 
manufacturers of porcelain specialties 
in the United States. STAR’S versatile 
production methods include any quan- 
tity, finish, or shape of Low Voltage 
Porcelain to meet any physical or di- 
electric specifications. 


General Controls 


New Compact Snap- 


er eee Action T-70 Thermostat 


S 

Sets a new standard of Functional Beauty and Accuracy in room 
temperature control. Extending only “% from the wall, the ivory 
plastic base and lustrous stainless cover of streamlined design 
harmonize perfectly with the finest taste in room decoration 
Use either with famed B-60 Control Systems or any standard 
low voltage control circuit 

For complete specifications on the T-70 or other GENERAL 
CONTROLS Automatic Pressure, Temperature and Flow Controls 
request additional literature. 


& 4 2e 
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GENERAL @l CONTROLS 
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Rares Fe OE a it) allio EEN In addition to specific requirements, 
someone pega — -” dee ie sists git a re Asien STAR has the following standard 
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: 1. THERMOLAIN 4. VITROLAIN 
A heat-resistant refrac- Strong, dense, non-por- 
tory insulation. Porous. ous, moisture proof. 
“ Withstands thermal High dielectric strength. 
’ shock. 5. No. 921 
g . No. 
ve 3am 2. LAVOLAIN INSULATION 
A dense semi-steatite Can be molded into 
o of high mechanical and difficult shapes. Strong, 
| dielectric strength. dense, heat-resistant. 
« 3. COMMERCIAL 6. NU BLAC 
WHITE Will not soil in assem- 
Most economical for bly or use. Excellent 
f OW TO GET 3- da 115/230 VOLT use in most applica- for wiring devices or 
40 tions. novelties. 
b 
FROM A 2-WIRE PRIMARY CIRCUIT 7. HUMIDOLAIN 
A highly porous porce- 
’ lain, suitable for many 
j : applications in humidi- 
No need to rewire a job, when you fiers. 
“ need a 3-wire, 115/230 volt circuit. 
Simply connect an Acme Electric Write Us Your Requirements 
et 4 winding, insulated type transform- 


er of the proper capacity to the 2- 
wire primary, make primary. and 
secondary connections as indicated 
in diagram and you're all set for 
3-wire 115/230 volt service. 
’ Acme Electric, all steel, low tem- 
) perature rise, air cooled transformers 
are made in capacities from 1/10 
KVA to 50 KVA; standard voltages 
up to 600 volt primary. 2300 volt 
1 primary, capacities 1/2 to 25 KVA. 
Write for Bulletin AC 160. 





ACME ELECTRIC CORPORATION | 


: 354 WATER STREET CUBA, N. Y. 


PORCELAIN ae 
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WASTE EATS INTO YOUR PROFITS . 


Model A 


Ask for 
Catalog 


and it’s got a big appetite 


when you drive screws the | 


old way, by hand. . . Just 
stop and think how much 
money you throw away an- 
nually through marred heads 
and stripped threads. You 
no doubt wouid find it’s 
plenty. Stop the leak NOW. 
Use DETROIT POWER 
SCREWDRIVERS, the out- 
standing machines that do 
a perfect job without dam- 
age to heads or threads . . . 
and they drive screws at a 


tremendous speed, as fast | 
as one a second. Consider | 


too what this time-saving 
means. That alone will make 
a DETROIT POWER 
SCREWDRIVER pay for it- 
self. These hopper-fed ma- 
chines will drive standard 
machine screws, sheet metal 
screws, self-tapping screws 
with standard, round, binder, 
fillister or hex heads and 
special heads. DETROIT 
POWER SCREWDRIVERS 
are furnished in 3 models, 
one to fit your requirements. 


Send sample assemblies 


for estimates 


DETROIT POWER SCREWDRIVER CO. 


2817 WEST FORT STREET e 
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ELECTRICAL 
Electrical. 


ELECTRONIC COMPONENTS. See Spe- 
cific headings. 


ENAMELING SHEETS. 
Commercial Forms & 


ENAMELS. See Lacquers, Enamels & 
Varnishes, Finishing. 


EXPRESS SERVICES 


Air Express Div., Railway Express 
Asoney. 230 Park Ave., New York 17, 


SHEETS. See Steel, 


See Steel — 
Crades. 


EYELET ATTACHING MACHINES 
Edward Segal, 25 Beekman, New York 7, 
is 4 


a. 


EYELETS 


American Brass Co., Waterbury 88, Conn. 
““Tru-Flange.”’ 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 


FABRICS, ELECTRICALLY CONDUC- 
TIVE 


Minnesota Mining & Mfg. Co., St. Paul 6, 
Minn. 


FABRICS, 
Tapes) 
Glass-Fiber, Varnished Cambric, Cotton, 
Linen, Silk, etc. (See also Tubing and 
Sleeving, Braided Fabrics; Tape and 

Sheeting, Synthetic Resin) 
Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 
Bentley-Harris Mfg. Co., Dept. M-32, 
Conshohocken, Pa. 
& Co., William, 276 Fourth Ave., 
ork Y. “Turbo.’’ 


¥ N. 
Celanese Corp., 180 Madison Ave., New 
Yor N. Y. 


General Electric Co., Section RIMA-678, 
Resin & Insulation Materials Div., 
Chemical Dept., Schenectady 5. 

Holliston Mills, Inc., Norwood, Mass. 

Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, Ill. 
Irvington Varnish & Insulator Co., Irv: 
nome ll, N. J. “‘Irv-o-slot,’’ ‘‘Ivi- 
bin 

Johns-Manville Corp., 22 E. 40, New 
York 16, N. Y. ‘“‘Quinterra.’’ 

Mica Insulator Co., Schenectady 1, &.. F. 
‘‘Empire,’’ ‘Mico. 

Minnesota Mining Oe Mfg. Co., St. Paul 
6, Minn. 

Mitchell-Rand Insulation C. Inc., 51 
Murray, New York 7, N. 

National Varnished iakees’ *Corp., ayy 
Randolph Ave., Woodbridge, N. * 
“*‘Natvar.”” 

New Jersey Wood Finishing Co., Elec- 
trical Insulation Dept., Sjeetaeiies, 
N. J. **Varsiot,”’ “Vartex. 

Owens-Corning Fiberglas Corp... ” Dept. 866, 
Toledo 1, O. ‘*Fiberglas.’’ 

Taylor Fibre Co., Norristown, *, 

Westinghouse Electric Corp., P. 0. Box 
868, Pittsburgh 30, Pa. 


FANS & BLOWERS 
Emerson Elec. & Mfg. Co., St. Louis 21, 


Mo. 

Fasco Entiactries, Inc., 250 Davis, 
Rochester 2, N. 

Globe Industries, Bis: 185 Sunrise P1., 
Dayton 7, O. 

—- Electric Co., 685 Lawrence, Lowell, 

ass. 

Robbins & pives, Inc., Fan Div., 
Springfield, 

Signal Electric’ Mfg. Co., Dept. B-3, 
Menominee, Mich. 


FASTENERS. (Bolts & Nuts; Inserts; 
Studs; Pins; Kivets; Screws; Washers.) 


Bolts and Nuts 


Machine Bolts and Nuts (A) 

Stove Bolts (B) 

Self-Locking Nuts (C) 

Sheet Metal, Lock Spring Assembly Nuts 


(D) 

Screw Thread Inserts (E) 

Headed and Rolled Thread Parts— 
Studs, ete. (Cold Upset) (F) 
Spade Bolts (S) 

Allen Manufacturing Co., Hartford 2, 
Conn. (ACF 

Allmetal Screw Products Co., Inc., 33 
Greene, New York 13, N. Y. (A) 

American Screw Co., Providence 1, R. I. 
(BF), (Cold Heated Screws) 

Anti-Corrosive Metal Products Co., 
Castleton-on-Hudson, N. Y. (A) 

Blake & Johnson Co., 1495 Thomaston 
Ave., Waterville 48, Conn. 

Buffalo Bolt Co., North Tonawanda, N. Y. 


INSULATING (Sheets and 


(A) 
oer, Engineering Co., New York 54, 


Camcar Products Co., 608—18th Ave., 
Rockford, Ill. (F) 

Central Screw Co., 3501 Shields Ave., 
Chicago 9, Til. (A) 

Chase Brass & Copper Co., Inc., Water- 
bury 91, Conn. (AC) 

Clark Bros. Bolt Co., Milldale, Conn. 


(ABF) 
New Bedford, 


Continental Screw Co., 
Mass. (AB) 

Corbin Screw Div., American Hardware 
Corp., New Britain, Conn. (ABF) 
Elastic Stop Nut Corp. of America, 2330 
Vanuxhall Rd., Union, N. J. 

Eleo Tool & Screw Corp., 1916 Broad- 
way, Rockford, Ill. (ABF) 

BaPeC me H. M., Morton Grove, Ill. 

Lamson & oo Co., 1971 W. 85th, 
Cleveland 2, 0. (ABCDF) 


Milford Rivet & Machine Co., Dept. § 
871 Bridgeport Ave., Milford, Conan. (B) 
National Lock Washer Co., Newark, N. J, 


(B) 

National Screw & Mfg. Co., 2440 EB. 75th, 
Cleveland 4, 0. (ABCDEF) 

Now. ngland Screw Co., Keene, N. BH 


— pempany. = » 66 Cordier, Irving. 
200 Varick, Nev 


1 

Parker-Kaion Corp., 
York 14, N. Y. (A 

Progressive Mfg. Co., 44 Norwood, Tor. 
rington, Conn. (ABF) 

Reed & Prince Mfg. Co., Worcester, 
Mass. (BF) 

Russell, Burdsall & Ward Bolt & Nu 
Co., Port Chester, N. Y. 

Scovill Mfg. Co., Waterville Screw F'rod- 
ucts Div. Waterville 48, Conn. (F) 
Shakeproof, Inc., 2501 N. Keeler Ave., 
Chicago 39, Ill. “Speed Nuts.”” (D) 
Standard Locknut & Lockwasher, Inc,, 
6 W. St. Clair, Indianapolis 4, Ind, 


(C) 
Sterling Bolt Co., 219 W. Jackson Blvd, 
Chicago 6, Ill. (ABF) 
Thompson-Bremer & Co., 1640 W. Hub- 
bard, Chicago 22, Ill. ‘‘Everlock.”’ (C) 
Tinnerman Products, Inc., 2040 Fulton 
Road, Cleveland 18, 0. ‘Speed Nuts.” 


(D) 
Townsend Co., New Brighton, Pa. (BEF) 
United-Carr Fastener Corp., Dept. 138, 
Cambridge 42, Mass. 


Pins—Cotter (F); Locking and Taper (G) 


Allmetal Screw Products Co., Inc., % 
Greene, New York 13, N. Y. (F) 

Chase Brass & Copper Co., Waterbury $1, 
Conn. (F) 

Corbin Screw Div., American Hardwarn 
Corp., New Britain, Conn, 

—_ ae Co., Reliance Div., Massl- 
on 

Hobbs Mfg. _Co., 26 Salisbury, Worceste 
5, Mass. *Loxit.”” (F) 

Hubbard Spring Co.. M. D., 525 Centra 
Ave., Pontiac 12, Mich. (F) 

Lamson & Sessions Co., 1971 W. 85th, 
Cleveland 2, O. (F) 

National Screw & Mfg. Co., 2440 E. 75th, 
Cleveland 4, O. (F) 


Pre-Assembied Washers and Screws 


American Screw Co., Providence 1, R, L 

Camcar Products Co., 608—18th Ave, 
Rockford, Ill. 

Central Screw Co., 8501 8. Shields, Chi- 
cago 9, Ill. 

Opel Screw Co, New Bedford 


ss. 

Corbin Screw Div., American Hardwan 
Corp., New Britain, Conn. 

Eaton Mfg. Co., Reliance Div., Mas 
silon, O. 

Elco Tool & Screw Corp., 1916 Broadway, 
Rockford, Tl. 

Lamson & Sessions Co., 1971 W. 85th, 
Cleveland 2, O. 

National Lock Co., Rockford, Ill. 

National Screw & Mfg. Co., 2440 E. 75th, 
Cleveland 4, O. 

New England Screw Co., Keene, N. 

Pheoll Mfg. Co., 5700 w. Rooseveit, Mou: 
cago 50, Ill. 

Russell Burdsall & Ward Bolt & Nut Co, 
Port Chester, N. Y. 

Shakeproof, Inc., 2501 N. Keeler Ave, 
Chicago 39, Ill. 

Stronghold Screw Products, Ine., 212 W. 
Hubbard, Chicago 12. Til. 


Recessed Head Screws 


Allmetal Screw Products Co., Inc., & 
Greene, New York 13, N. Y. 

American Screw Co., Providence 1, EK. L 

Blake & Johnson Co., 1495 Thomaston 
Ave., Waterville 48, Conn. 

Camcar Products Co., 608—18th Ave, 
Rockford, Il. 

Central Screw Co., 3501 8. Shields, Chi- 
cago 9, Ill. 

Chase Brass & Copper Co., Inc., Water 


bury 91, Conn. 
Continental Screw Co., New Bedford, 


Mass. 

Corbin Screw Div., American Hardware 
Corp., New Britain, Conn. 

Elco Tool & Screw Corp., 1916 Broadway, 
Rockford, Ill. 

Harper Co., H. M., Morton Grove, IIL 

international Screw Co., 9446 Rosela# 
Ave., Detroit 4, Mich. 

Lamson & Sessions Co., 1971 W. 865th, 
Cleveland 2, O. 

Milford Rivet & Machine Co., Dept. EB, 
871 Bridgeport Ave., Milford, Conn, 

National Lock Co., Rockford, Ill. 

National Lock Washer Co., Newark, N. J. 

National Screw & Mfg. Co., 2440 B, 76th, 
Cleveland 4, O. 

New England Screw Co., Keene, N. H. 

Parker-Kalon Corp., 200 Varick, New 
York 14, = 

Pawtucket Screw Co., tortece. RL 

Pheoll Mfg. Co., 5700 W. . Roosevelt, Chi- 
cago 50, Ill. 

Reading Screw Co., Norristown, Pa. 

Reed & Prince ‘Mrz. Co., Worcester, 


Mass. 

Russell, Burdsall & Ward Bolt & Nut 
Co., Port Chester, N. Y. 

Shak , Inme., 2501 N. Keeler Ave. 
Chicago 39, IIl. 

Southington Hardware Mfg. Co., South- 


ington, Conn. 

Sterling Bolt Co., 219 W. Jackson, Chi- 

cago 6. Til 

Stronghold Screw Products, {nc., 212 W.- 
Hubbard, Chicago 12, IIl. 

Wolverine Bolt Co., 9685 Grinnell, Detroit 
13, Mich. 


Rivets 


Allmetal Screw Types Co., 33 Greens, 
New York 18, N. 

Aluminum Co. of heats 615 Gulf 
Bldg., Pittsburgh 19, Pa. “Alcoa.” 
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FIRST CHOICE 


a 


Ca 
OF MOTORS 
GENERATORS 

TRANSFORMERS 





WEST VIRGINIA PULPAND PAPER COMPANY 


Cin e. New York.N_Y 35 E. Wacker Drive 





| BURNDY /sifer_ 












0. ‘ 
-| | WIRE AND CABLE HANGERS © yo. - H&aV ELECTRICAL 
|e D : INSULATING PAPERS 
1 
: The largest manufacturers of electrical 
; equipment consistently specify H&V dielectric 
‘ papers. Here’s evidence that these papers have 
4. the ideal combination of insulating properties 
r EL for better electrical protection. Proof of their 
, urndy plastic cable hangers : wee 2 a re 
; assure strong, insulated support for single cables uniform abrasion resistance, impact and dielec 
a or multiple wires. Made of Vinylite, they com- tric strength! 
b bine high dielectric and tensile strength, ductil- And they are economical, too! 
, ity, and resistance to temperatures and aging. ‘ fe eis 

Will not support combustion. Rounded edges If you wane better dielectric Side check 
, prevent cutting or damage to insulation. Avail- the leaders. Then you too will specify H&V 


able in many sizes. Listed by Underwriters Labo- 
. ratories, Inc. Ask for the VERSIFLEX bulletin. 


a (mcd BURNDY 


NEW YORK 54, N. Y. 


Ran 


WESTERN BRANCH: Vernon 11, Calif. © CANADA: Canadian Line Materials, 
ltd., Toronto 13 © FOREIGN: Philips Export Corp., New York 17, N. Y. 


electrical insulating papers. No matter how 
large or how small your requirements may be, 
contact H&V. 


HOLLINGSWORTH & VOSE COMPANY 


ToS MAAR TOE: in Massachusetts 
us 





Manufacturers of Technical and 
Industrial Pape a) 
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Hut wile 
A FIRM FOUNDATION 


Whether your products are relays, switches, terminals or any electrical 
component, the insulator is the foundation on which you build. Its 
strength, toughness, dielectric efficiency play a large part in the life 
and service of your product. When you select Universal Porcelain Insu- 
lators you insure that strength and efficiency. They have a high dielec- 
tric factor. They resist arcing and withstand high voltages. They are 
unaffected by heat, cold, moisture, fumes and most acids. They do not 
carbonize nor corrode under long years of service. A Universal engi- 
neer will be glad to assist in developing insulators for your specific 
needs. No obligation, just write or wire. 


me UNIVERSAL 


1540 EAST FIRST STREET 
















CLAY PRODUCTS CO. 
SANDUSKY, OHIO 


































Specify 


ZENITH 


MAGNETIC CONTACTORS 


Best performance, even under the heaviest 
loads with these efficient, economical 
switches. Longer, sensitive contact life— 
more quiet operation. 

Sturdily built for continuous and flashing 
duty, Zenith Magnetic Contactors will not 
overheat, even on 24-hour duty. Heavy 
compression springs give solid contact 
pressure and quick opening switch. Will 
operate up to 60 times per minute at 80% 
of rating. Copper to copper contacts. 
Electrically or mechanically held. 

Get the benefit of over 25 years experi- 
ence and the many extra advantages in 
Zenith Contactors. 

Write, wire or phone today for free catalog. 


ZENITH ELECTRIC CoO. 


CHICAGO 10, 


















30-300 amp AC—1,2,3 poles 
30-200 amp—1,2 poles 














152 W. WALTON ST., 


ILLINOIS 


















Blake & Johnson Co., 1495 Thomaston 
Ave., Waterville 48, Conn. 

Buffalo Bolt Co., North Tonawanda, N. Y. 

Chase Brass & Copper Co., Waterbury 91, 


Conn. 

Chicago Rivet & Machine Co., 9609 W. 
Jackson Blvd., Bellwood, Ill. 

Clark Bros. Bolt Co., Milldale, Conn. 

du Pont de Nemours & Co., Inc., E. 
Explosives Div., Wilmington 93. Del. 

Harper Co., H. M., Morton Grove, Ill 

Milford Rivet & Machine Co., Dept. E, 
871 Bridgeport Ave., Milford, Conn. 

National Screw & Mfg. Co., 2440 E. 75th, 
Cleveland 4, O. 


Penn Ri-vit & Machine Co., 254 Hunt- 
ington, Philadelphia 33, Pa. 
Progressive Mfg. Co., 44 Norwood, Tor- 


rington, Conn. 


Reed & Prince Mfg. Co., Worcester, Mass. 

Russell, Burdsall & Ward Bolt & Nut 
Co., Port Chester, N. Y. 

Sterling Bolt Co., 219 W. Jackson Blvd., 
Chicago 6. Il) 

Townsend Co., New Brighton, Pa 

Serews—Cap and Set, Machine (H); 
Self-Tapping (J) 

Allen Mfg. Co., Hartford 2, Conn. (H) 

Allmetal Screw Products Co., 33 Greene, 


New York 13, N. Y. (H) 
Aluminum Company of America, €15 Gulf 


Bldg., Pittsburgh 19, Pa. 

— Screw Co., Providence a 
(HJ) 

Anti-Corrosive Metal Products Co., 
Castleton-on-Hudson, N. . (BH) 

Blake & Johnson Co., 1495 Thomaston 
Ave., Waterville 48, Conn (HJ) 


Bristol Company, 153 Bristol Rd., Water- 
bury 91, Conn. 
Buffalo Bolt Co., North Tonawanda, N. Y. 


(H) 

Camear Products Company, 608—18th 
Ave., Rockford, Ill. (JH) 

Central Screw Co., 3501 S. Shields Ave., 
Chicago 9, Ill. (F) 

Chase Brass & Copper Co., Inc., Water- 
bury 91, Conn. (H) 

Clark Bros. Bolt Co., Milldale, Conn. (H) 

Continental Screw Co., New Bedford, 
Mass. ‘‘Holtite,”” “‘Tap.’’ (HJK) 


Corbin Screw Div., American Hardware 
Corp., New Britain. Conn. (HJ) 
Eleo Tool & ge? Corp., 1916 Broadway, 


Rockford, Ill. HJ) 

Harper Co., H. Me 2609 Fletcher, Chi- 
cago 18, Ill. (HJ) 

Lamson & Sessions Co., 1971 W. 85th, 
Cleveland 2, O. (HJ) 

Milford Rivet & Machine Co., Dept. E, 
871 Bridgeport Ave., Milford, Conn. 
(HJ) 

Moore, Inc., George W., 88 Beaver, Wal- 
tham 54, Mass. (H) 

National Newark 5, 


Lock Washer Co., 
N. J. (HJ) 
National Screw & Mfg. Co., 2440 E. 75th, 
Cleveland 4, 
New _— Screw Co., Keene, N. H. 


(HJ 
a 1 Corp., 


200 Varick, New 
York 14, N. Y. (HJ) “‘Gear-Grip.”’ 
Penn Ri-vit & Machine Co., 254 Hunt- 


ington, Philadelphia 33, Pa. 

Progressive Mfg. Co., 44 Norwood, Tor- 
rington, Conn. (H) 

Reed & Prince Mfg. Co., 
Mass. (H) 

Russell, Burdsall & Ward Bolt & Nut 
Co., Port Chester, N. Y. 

Shakeproof, Inc., 2501 N. Keeler Ave., 
Chicago 39, Ill. ‘“‘Speed Nuts.’’ (H) 
Standard Pressed Steel Co., Box 594, Jen- 

kintown, Pa. ‘‘Unbrako.”” (H) 
Sterling Bolt Co., 219 W. Jackson Blvd., 
Chicago 6, (HY) 
Townsend Co., New Brighton, Pa. (J) 


Worcester, 


Washers—Flat (K); Lock and Spring (1.) 


Allmetal Screw Products Co., Dept. EL. 
33 Greene, New York 18, N. Y. (K) 
Anti-Corrosive Metal Products Co 


Castleton-on-Hudson, N. Y. (K) 

a Spring Corp., Bristol, Conn. 
( ) 

Barnes Co., Wallace, Bristol, Conn. (KL) 

Barnes-GCibson-Raymond Div., Associated 
Spring Corp., Detroit, Mich. 

Blake & Johnson Co., 1495 Thomaston 
Ave., Waterville 48, Conn 

Chase Brass & Copper Co., Inc., Water- 


bury 91, Conn. (KL) 


Clark Bros. Bolt Co., Milldale, Conn. (H) 


Dunbar Bros Co. Div., Associated Spring 
Corp., Bristol, Conn. 

Eaton Mfg. Co., Reliance Div., Massillon, 
o (L) 

Gibson Co., William D., Div., Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
cago 14, Ill. (KL) 

Harper Co., H. M., Morton Grove, Ill 

Hobbs Mfg. Co., 26 Salisbury, Worcester 
5, Mass. 

Hubbard Spring Co., M. D., 525 Central 


Ave., Pontiac 12, Mich. (K) 
Illinois Coil Spring Co., 2100 N. Major 
Ave., Chicago 39, Ill, 


Lamson & Session Co., 1971 W. 85th, 
Cleveland 2, 0. (KL) 


Lock Washer Co., 
“Kantlink”’ (L) 


National 
N. J. 


Newark 5, 


Ohio Div., Associated Spring Corp., Day- 
ton, O. “Tangle Proof.’’ (KL) 

Palnut Company, Inc., 66 Cordier, Irving- 
ton 11, N. J. (L) 


Raymond Mfg. Co., Div., Associated 
Spring Corp., Corry, Pa. L) 
Shakeproof, Inc., 2501 Keeler Ave., Chi- 
cago 39, Ill. (L) 
Standard Locknut & Lockwasher, 
311 N. Capitol Ave., 
Ind. (L) 
Sterling Bolt Co., 
Chicago 6, IIL 
Thompson-Bremer & Co., 1640 W. Hub- 
bard, Chicago 22, Ill. ‘‘Everlock.’’ (KL) 
Wrought Washer Mfg. Co., 2200 8. Bay, 
Milwaukee 7, Wis. (KL) 


Inc., 
Indianapolis 4, 


219 W. Jackson Bivd., 













FELT 
American Felt fey Glenville, Conn. 
— Co., 210-U South, Boston 1 
Felt Products a? Co., 1536 Carroll Ave, 


Chicago 7, 
Western Felt Works, 4035-4117 Ogde 
Chicago 23, Ill. 


Ave., 


roe 











FIBRE, PHENOLIC. See Plastics, Lami. 
nated. 
FIBRE, VULCANIZED. (Board, Shea, ¢ 
Rod, Tubing) 
Baer Co., N. 8., 7-11 Montgomery, Hil} 
side, N. J. 
Continental-Diamond Fibre Co., Newam 
13, Delaware. 
Insulation Manufacturers Corp., 565 W., 
Washington Blvd., Chicago 6, Ill. 
Mitchell-Rand Insulation Co., Inc., @ 
Murray, New York 7, N. Y. 
National Vulcanized Fibre Co., Wi 
ton 99, Del. ‘‘Peerless,’’ “Vulcot.”” 
West Virginia Pulp & Paper Co., 1 
Park Ave., New York, Y. “De 
site,’’ Electrite,’’ “Kraft Board.” 
FILLING COMPOUNDS. 


See Com 


Insulating and Sealing, Waxes 
Compounds. 

FILTER ELEMENTS, POWDERED 
METAL 

Amplex Mfg. Co., Div., Chrysler Corp,, 
Dept. B, Detroit 31, Mich. 

Bound Brook Oil-Less Bearing Co., Bound 
Brook, N. J. 

Moraine Products Division, General Me 
tors, Dayton, O. ‘‘Porex.’ 

FILTERS, RADIO INTERFERENCE 


Federal Telephone and Radio Corp., Dep. 
7s. 100 Kingsland Rd., Clift, 


General Electric Co., Section E668-6?, 
Apparatus Dept., Schenectady 5, N. ¥ 

or 4 es Co., Inc., P. R., Indianapolly 
, Ind. 

Sprague Electric Co., North Adams, Man 


FINISHES, PRODUCT. 
Enamels & Varnishes. 


FLEXIBLE CORDS. See Wire and Cable, 
Insulated. 


See Lacquer. 


FLEXIBLE SHAFTING 


Walker Turner Div., Kearny & Trocke# 
Corp., Plainfield, N. J. 


FLUORESCENT LAMP AUXILIARIES 
(For Resistors, see Resistors, Instr 
ment & Radio; See also Capacitors) 

Acme Electric Corp., 353 Water, Cuba, 





n. < 
Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Conn. 


Chicago Transformer Div., Essex Win 
Corp., 3501 Addison, Chicago 18, TL 

Davis & Co., Dean W., 1006 First, Kent- 
land, Ind. 

Jeneral Electric Co., Section W11-1122, 
Construction Materials Dept., Bridge 
port 2, Conn. 

Gramer Co., 2734 N. Pulaski Rd., Chi- 
cago 39, Ill. 

Jefferson Electric Co., Bellwood, Ill. 

Solar Electric Corp., Central Ave. 


Warren, Pa. 
Sprague Electric Co., No. Adams, Mass. 
Westinghouse Electric Corp., P. 0. Ba 
868, Pittsburgh 30, Pa. 


FOOT SWITCHES. See Switches. 


FORGINGS 
Aluminum Company of America, 2179 Gull 
Bldg., Pittsburgh 19, Pa. (Aluminum.) 
American Brass Co., Waterbury 38, 
** Anaconda.”’ 
230 Pars 


Revere Copper & Brass, Inc., 


Ave., New York 17, N. Y. (Now 
ferrous. ) 
Scovill Mfg. Co., Forgings Div., 18 Mill 


Waterbury 91, Conn. 


FREQUENCY CHANGER SETS. Se 
Motors. 


FURNACES. See 


(Non-ferrous.) 


Ovens & Furnaces 


FUSE HOLDERS, MOUNTINGS and 
CLIPS 


Burndy Engineering Co., New York 54, 
i he 
Ideal Industries, 


1008 Park Ave. 
Sycamore, Ill. 
Iisco Copper _ & Products, Inc., Cis- 
Howard B. Jones Div., 
2460 W. peeree, Chicago 18, 
4761 Ravenswood Ave.. 
Chicago 40, m1. 
Morse Co., Frank W., 1300 Soldiers Fielé 
Sherman Mfg. Co., H. 
Mich. 


Inc., 
cinnati 27, 
Cinch Mfg. Corp.. 
Littelfuse, Inc., 
Rg., Boston 35, Mass. 
. B., Battle Creek 


FUSES 


Burndy Engineering Co., New York 54. 
ae 

General Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. Y. 

Littelfuse, Inc., 4761 Ravenswood Aveé.. 
Chicago 40, Ill. 

Royal Electric Co., Inc., Dest. w, % 
Grand Ave., Pawtucket, "R. 

Solar Electric Corp., Central Teen War: 
ren, Pa. 

Westinghouse Electric Corp., P. 0. Bas 
868. Pittsburgh 30, Pa. 

FUSIBLE ALLOYS 


Federated Metals Div., American Smelt- 
ing & Refining Co., 120 Broadway. 
—. tcp es es 
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—USE SMALLER BASE fo wind more gs wir 


v” PRECISION 
BOBBINS 


Less space required for same amount of wire as you're using now—size 
of coil reduced to minimum. Precision Bobbins make a lighter, smaller, 
a better coil. Number of turns ‘ncreased. Insulating strips eliminated. 


Nene 





Precision Bobbins are spirally wound and heat treated under compres- 
sion for greater strength with less weight. Flanges designed in three 
types. Cores: round, square or rectangular. 


Precision also makes DI-FORMED PAPER TUBES, any length, shape 
or size. 


SQUARE 


WRITE TODAY FOR SAMPLES—LARGE DETAILED CATALOG 
RECTANGULAR 


ds SB Nd tT et of» Pee 
@ Plant *2, 79 Chapel Street, Hartford. Connecticut 





TIME SWITCHES + 


Synchronous Self-Starting Motors ti 
a4 Oe el Ll : 
Can Type 
1 


IN “K” SERIES 





oe 


Type K Plugs and Receptacle on Geiger 
Counter eq —_— ment made by Technical 
Associates, Glendale, California. 


| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| YOU CAN TELL THE QUALITY 

| OF TYPE “K” CONNECTORS... 

| --. by the high-grade equipment on 

| which they are used. Leading manu- 

facturers of electrical and electronic 
devices for radio, communications, 

| aircraft and the instrument field have 

| used Cannon Plugs with satisfaction 

| for years. Type “K” is one of the most 

| versatile of the 13 major type series, 

| with several shell styles, nearly 200 

| insert (contact) arrangements for a 

wide range of voltage and amperage. 

| 


*% Write for the "K’’ Bulletin with new KS-1 
K-31SL Receptacle + Catalog Supplement.. Address Dept. B-118. 


GAM GUaCTRNG & 


WRITE “7adag FOR CATALOG 


In SWITCHES, FLASHERS and RELAYS 
where dependable performance is 
PCT Lae 
DIAMOND SEAL for 
DIAMOND QUALITY. 
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SEFUL data on Kopp glass products such as 
lenses for beam control, color filters, sight 
glasses, mechanical parts — and information on 
Kopp Customer Service, glass engineering, pro- 
duction and engineering research 


Write for this bulletin. 


KOPP GLASS, INCORPORATED 
SWISSVALE, PENNSYLVANIA 






































































Designed to give your Appliance 
Better Public Acceptance 












No other solenoid like this one. It has shading coils 
in two places—an exclusive patented feature which 
makes this pull type, intermittent duty solenoid un- 
believably quiet in the sealed position. Powerful, too 
—and available at attractive Soreng production line 
prices. Write for Circular M94, 


it) 













VENT ETHC Ta RUE LL 


Chicago 14 
Fremont, Ohio 


Eee Re 
Branch Plant - 231 Stone St., - 




















GAGES, TEMPERATURE and vasuun 
Bristol Co., The, Waterbury 91, 


Edison, Inc., Thos. A., Instrument Div. 
289 Lakeside Ave., W. Grange, N. J. 
Electric Auto-Lite Co., Toledo 1 
Stokes Machine Co., F. J., 
Rd., Philadelphia 20, Pa. 


GALVANOMETERS. 


GASKETS 
Armstrong Cork Co., 9503 Arch, Lancas- 


(Cork and Rubber Composi- 


>) 
Felt Products Mfg. Co,, 1536 Carroll Ave., 
Chicago 7, Ill. 
Garlock Packing Co., Palmyra, N. Y. 
General Elec. Co., Chemical Dept., 
ties Div. (BG-11), 1 Plastics Ave., 
Pittsfield, Mass. ‘“‘G-E Silicone.”’ 
United States Rubber ©o., 1230 Avenue of 
Americas, New York 20, N. Y. 


oO. 
5996 Tabor 


See Instruments. 


Plas- 


GEARMOTORS. See Motors. 


GEARS and PINIONS, METAL 
Amplex Mfg. Co., Div. Chrysler Corp., 


Dept. B, Detroit 31, Mich. 

= Gear Works, 1025 Parmele, Rock- 
or 

Gear Specialties, 26385 W. Medill Ave., 


Chicago 47, Ill 
Perkins Machine & Gear Co., Circuit Ave., 
Springfield 2, Mass. 
Shakeproof, Inc., 2501 N. 
Chicago 39, Ill. 
Westinghouse Elec. Corp., P. O. Box 868, 
Pittsburgh 80, Pa. 


GEARS and PINIONS, NON-METAL- 
LIC. See Fibre, Vulcanized; Plastics 


GENERATORS. See Motors. 


Keeler Ave., 


HIGH-FREQUENCY HEATING UNITS 
Allis-Chalmers Mfg. Co., 937A 8S. 170, 
Milwaukee 1, Wis. 
Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. G 
Marion Electrical Instrument Co., Man. 


chester, N. H. 

Radio Receptor Co., Inc., Dept. MS-14, 
251 W. 19th, New York ll, N. 
*‘Heatmaster.’” 

Westinghouse Electric Corp., P. O. Boy 
868, Pittsburgh 30, Pa. 


General 


. 





HIGH-NICKEL ALLOYS. 
and Nickel Alloys. 


HOLDERS, COMMUTATOR BRUSH 


Phoenix Electric Mfg. Co., 711 W. Lak 
Chicago 6, Ill. ” 


See Nickel 


IMMERSION HEATER UNITS. See 
Heating Elements & Units. 


IMPREGNATING EQUIPMENT 
(Zanderol Process) 


Blaw-Knox Construction Co., 
Bank Bldg., 








2042 Farmer 
Pittsburgh 22, Pa. 


IMPREGNATING COMPOUNDS. See 
Cement, Insulating and Sealing; Waxes 
and Compounds. 


INDICATORS, HEAT. 


See Thermon- 
eters. 


INDICATORS. SPEED. 
eters. 


INDUCTION HEATING. 
Frequency Heating Units. 


INFRA-RED LAMPS. See Lamps, In- 


See Tachonm- 


See High- 


candescent and Infra-red. 






GLASS-BONDED MICA 

General Electric Co., Plastics Div., 
Chemical Dept. (BC-11), 11 Plastics 
Ave., Pittsfield, Mass. (GE-Mycalex.) 
GLASS-FIBER, YARNS, CLOTH and 
TAPE. See Fabrics, Insulating. 
GLASS-SEALING ALLOYS 

Stupakoff, Ceramic & Mfg. Co., Latrobe, 


Pa. ‘‘Kovar.”’ 


GLASS TECHNICAL 
Kopp Glass, Inc., Swissvale, Pa. 


GOLD, ROLLED (Plate and Wire). 


General Plate Div., Metals & Controls 
Corp., 401 Forest, Attleboro, Mass. 

Secon Metals Corp., 228 E. 45th, New 
York 17, N. Y. 

Wilson Co., H. A., 
ark 5, N. J. 


GRAPHITE. 


105 Chestnut, New- 
**Wileo.’” 


See Carbon and Graphite. 


GRIPS and CLAMPS, STRAIN RELIEF 


Heyman Mfg. Co., 500 Michigan Ave., 
Kenilworth, N. J. **Heyco.** 
Walker Co., George, 118 Amsterdam 


Ave., Passaic, N. J. ‘‘Gripmaster.’’ 


HARNESS and ASSEMBLIES 
WIRE 


Belden Mfg. Co., 4633 West Van Buren, 
Chicago 44, Ill. 


Drake Mfg. m 1711 W. Hubbard, Chi- 
cago 22, Ill 

Electric ‘Auto-Lite Co., Port Huron, 
Mich. 


Essex Wire Corp., Monticello, Ind. 


Federal Telephone & Radio Corp., Dept. 
aan. 900 Passaic Ave., E. Newark, 

General Electric Co., Section Q39-222, 
Construction Materials Dept., Bridge- 
port 2, Conn. ‘‘Flamenol.’’ 

Interstate Mfg. Corp., 187 Sussex Ave., 


Newark 4, N. J. 

Mines Equipment oe 4215 Clayton Ave., 
St. Louis 10, 

Phalo Plastics Cup. 25 Foster, Worces- 
ter 8, Mass. 

S..-2, Appliance & Cord Set Co., 195 
Weedon, Pawtucket, R. I. 

Riverside Mfg. Co., 200 So. River, Ypsi- 
lanti, Mich. 


HEATING ELEMENTS and UNITS 
Driver Co., Wilbur Be 150 Riverside 


Ave., Newark 4, N. 
Electric Heater Spegely Co., 55 E. 8th, 


New York 3, 
Electro-Therm Inc., 8010 Georgia Ave., 
Section a a. 


Silver Spring, Ma. 
General Electric Co., 
Schenectady 5, N. 
Hartford a Co., 282 Windsor, Hart: 


Apparatus Dept., 
ford 5, 
Hevi Duty ‘Flee. Co., Milwaukee 1, Wis. 
Naugatuck, Conn. 


Lewis Engineering Co.. 


Resistors, Inc., 2247 Indiana Ave., Chi- 
cago 16, Ill. 

Tuttle & Co., H. W., ——e Mich. 

Vulean Electric Co., Danvers 2 , 

Westinghouse Electric Corp., 0. Box 
868, Pittsburgh 30, Pa. “Uni- Therm.” 


HERMETIC SEALS. 
Terminals, Hermetic. 


See Seals and 


HOISTS, PNEUMATIC. 
Tools and Equipment. 


See Pneumatic 


HOSE, FLEXIBLE METAL 


Johnson Metal Hose, 224 Mill, 
bury 88, Conn. 


Water- 





INSTRUMENTS and AGSESOORIES, 
LABORATORY STANDAR 


Acme Electric 353 Teen Cuba, 
ef 


Electro-Therm., Inc., 8010 Georgia Ave, 
Silver Spring, Md. 

General Electric Co. 
Apparatus Dept., 
Ohmite Mfg. Co., 4805 W. Fhonnal 

Chicago 44, Ill. 
Superior Electric Co., 8039 Meadow §&t., 
Bristol, Conn. 
Westinghouse Electric Corp., P. O. Bez 
868, Pittsburgh 380, Pa. 
Weston Electrical Instrument Corp., 617 
Frelinghuysen Ave., Newark 5, N. J. 


INSTRUMENTS, weer res 
MEASURING and TESTIN 

Acme Electric Corp., 353 
a is 

Bristol Company, 153 Bristol Rd., Water- 
bury 91, Conn. 

Burlington Instrument Co., Dept. D-29, 
Burlington, Iowa. 

Electric Auto-Lite Co., Toledo 1, O. 

Electro-Therm. Inc., 8010 Georgia Ave., 
Silver Spring, Md. 

Federal Telephone and Radio Corp., Dept. 
E-216, 100 Kingsland Rd., Clifton, N. J. 

Ferranti Electric Co., - Rockefeller Plaza, 


New York 20, 
Section E668-67, 


Corp., 





Section aa 6?, 
Schenectady 5 & 


w er, Cuba, 


General Electric ‘Co, . ; 
Apparatus Dept., Schenectady 5, N. Y. 
General Radio Co., 275 Massachusetts 


Ave., Cambridge 39, Mass. 

Ideal Industries, Ine., 1008 Park Ave., 
Sycamore, Il. 

Landis & Gyr, Inc., 104—-5th Ave., New 
York 11, N. Y. 

Marion Electrical Instrument Co., Man- 


chester, N. H. 
Radio Corp. of America, Commercial Engi- 
neering Section 41-CR Harrison, N. J. 
Simpson Electric Co., 5200 W. Kinsale, 
Chicago 44, Il. 


Sterling Mfg. Co., 9208 Detroit Ave., 
Cleveland 2, O. 

Superior Electric Co., 8039 Meadow St., 
Bristol, Conn. 


Triplett Electrical Instrument Co., Dept. 
D-28, Bluffton, O. 

Westinghouse Electric Corp., P. ©. Bor 
868, Pittsburgh 30, Pa. 

Weston Electrical Instrument Corp., 617 
Frelinghuysen Ave., Newark 5, N. J. 


INSULATING MATERIALS. See Follow- 
ing Specific Headings: 


Cement, Insulating and Sealing 

Ceramics 

Cork and Cork Compositions 

Fabrics, Insulating 

Felt 

Fibre, Vulcanized 

Glass-Bonded Mica 

Insulation, Wire and Cable 

Mica, Molded and Laminated 

Paper, Insulating 

Plastics, Laminated 

Plastics Molding Materials 

Rubber and Rubber Products 

Sleeving and Tape, Asbestos 

Tape, Friction and Splice 

Tape and Sheeting, Synthetic Resin 

Tubing, Paper 

Tubing and "Sleeving, Braided Fabric 

Tubing and Sleeving, Extruded Plastic 

Varnishes, Compounds and Resins, 
Insulating 

Waxes and Compounds 


INSULATION, WIRE and CABLE (Ce- 
ramie and Synthetie) 

Dow Corning Corp., Midland, Mich., 
“Silostie.”’ 

du Pont de Nemours & Co., Ine., E. L, 
Rubber Chemicals Div. F- 2, Wilmington 


98, Del. 
Eastman Kodak Rochester 4, N._Y. 
Goodrich Ceeaicart Co., B. Dept J-3, 
Rose Bldg., Cleveland 15, 6. “Geon.” 
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electronic 
voltage 
regulators 





1 Sorensen electronic voltage regulators 
offer as much as 0.1% regulation accuracy 
under SIMULTANEOUS line and load changes. 
SIX IMPORTANT SORENSEN FEATURES: 

. Precise regulation accuracy; 

. Excellent wave form; 

. Output regulation over wide input voltage range; 

. Fast recovery time; 

. Adjustable output voltage, that once set, remains 

constant; 

. Insensitivity to line frequency fluctuations between 

50 and 60 cycles. 

The Sorensen Catalog contains complete 
specifications on standard voltage regulators 
and nobatrons. It will be sent to you upon 
request. 


EXDITEGGY ond company, inc. 


375 Fairfield Avenue, Stamford, Connecticut 


of every description 
—for every purpose 


e@ Dependable Delivery 
Promises 


e Performance 
e Accuracy 


eo Wadn=— 








No broken promises. . . . No costly shut down for you. 
. «+ You can deliver your product in time. .. . We offer 
immediate delivery—REMEMBER THIS . . . Your product 
is no better than the spring you put into it. 


WRITE, WIRE OR PHONE 


ACE SPRING MFG. COMPANY, Inc. 


77 WEST HOUSTON STREET, NEW YORK 12, N. Y. 


M.P.B. makes _ 
more than 





To carry radial and/or thrust loads in 
small precision mechanisms specify M.P.B. 






@ 


MINIATURE/ zecidion BEARINGS 


INCORPORATED 


NEW HAMPSHIRE, 


KEENE, 


| Fae 


APRIL 1949 



























type Miniature ball bearings. 

of miniature We also design and manufacture spe- 
: : cial bearings. 

ball hestings Write for complete details in EM-49 





SPRING - 
CONTACT ARM 

For uniform, unchange- 

able contact pressure. 
Ask for literature. 


— 


| REX RHEOSTAT CO. 


BALDWIN ,L.1. N.Y. 








PUT A MERCURY CLUTCH ON THE JOB 
SAFETY FIRST 


FOR ELECTRIC MOTORS 


A Mercury Clutch provides smooth, safe starting 
for any electric motor from 1/4 H.P. up to 25 H.P. 
By retarding the engagement of the motor until it 
has achieved full speed, a Mercury Clutch prevents 
overloading of the circuit and eliminates fire haz- 

| ards. With a Mercury Clutch on the job there is 
no danger of burned-out wiring, blown fuses, flick- 
ering lights, etc. 







Mercury Clutches are also 
available for use with gaso- 
line engines. Write for the 
new Mercury catalog. 
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pantie 


MANUFACTURING 
COMPANY 


556 W. Monroe St., Chicago 6, Ill. 


Martin, Glenn L.. Co., Chemicals Dir 
Dept. E-3, Baltimore 3, Md. 
Phalo Plastics Corp., 25 Foster, Worces 


ter 8, Mass. 
ae Electric Co., No. Adams, Mass. 
roc.” 
United States Rubber Co., 1230 Avenue 
of the Americas. New York 20, N. Y. 


INVERTERS, ROTARY. See Motors. 


INVERTERS, VIBRATOR. 
Converters. 


See Vibrator 


IRONS, SOLDERING. 


See Soldering 
Irons. 


JEWEL LIGHT ASSEMBLIES. See 
Lights, Pilot and Indicator. 


KNOBS and HANDLES, MOLDED. See 
Plastics—Custom Molders. 


LABELING MACHINES 


Potdevin Machine Co., 127 
lyn 18, N. Y. 


8—38th, Brook 


LACQUERS, COIL DIPPING. See 


Varnishes, Compounds and Resin- 
insulating. 


LACQUER, ENAMELS and 
NISHES, FINISHING 


Dow Corning Corp., Midland, Mich. 
(Silicone Resins and Varnishes) 

du Pont de Nemours & Co., E. I., Fin- 
ishes Dept., Wilmington, Del. 

General Electric Co., Chemical Dept., 
1 Plastics Ave., Pittsfield, Mass. 
(Silicone) ‘‘Glyptal.”’ 

Maas & Waldstein Co., Newark 4, N. J. 
“*Metletone.”’ 

Monsanto Chemical Co., Plastics Div., 
Dept. EMP-15, Springfield 2, Mass. 
The Sherwin-Williams Co., Industrial 

Div., Cleveland 1, O. 


LAMINATED METALS, PRECIOUS 
and BASE (Sheet, Tube and Wire) 


a ., Co., Inc., 118 Astor, Newark 


‘leneral Plate Div., Metals and Controls 
Corp., 403 Forest, Attleboro, Mass 
Makepeace, D. E., Co., Attleboro, Mass 
Secon Metals Corp., 228 E. 45th, New 

York 17, N. Y. 
Wilson Co., H. A., 105 Chestnut, New- 
ark 5, N. J. “Wilco.” 


LAMINATED PLASTICS. 
LAMINATIONS, MOTOR AND TRANS- 
FORMER 


VAR- 


See Plastics 


Acme Electric Corp., 353 Water, Cuba 
LY 


Sherman Lamination Co., 
Stratford, Conn. 


10 Thompson 


LAMPS, FLUORESCENT 


General Electric Co., Lamp Department, 
Nela Park, Cleveland, O. 

Solar Electric Corp., Central Ave., War- 
ren, Pa. 

Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 30, Pa. 


LAMPS, INCANDESCENT AND 
INFRA-RED 


General Electric Co., Lamp Department, 
Nela Park, Cleveland, O. 

Solar Electric Corp., Central Ave., 
Warren, Pa. 

North American Electric Lamp Co., 1082 
Tyler (Carbon), St. Louis 6, Mo. 
“*Nalco.”” 

Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 30, Pa. 


LAMPS, MERCURY VAPOR 


General Electric Co., Lamp Department, 
Nela Park, Cleveland, O. 
Westinghouse Electric Corp., P. O. Box 
868, Pittsburgb 30, Pa. 


LAMPS, MINIATURE 
indicator) 


General Electric Co., Nela 
Park, Cleveland, O. (Neon Glow) 

Herzog Miniature Lamp Works, 12-63 
Jackson Ave., Long Island City 1, N. Y. 
Littelfuse, Inc., 4761 Ravenswood Ave., 
Chicago 40, Ill. 

North American Electric Lamp Co., 1082 
Tyler, St. Louis 6, Mo. “Nalco.” 

Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 30, Pa. 


LAVA. 


(Pilot and 


Lamp Dept., 


See Ceramics. 


LAYOUT STEEL BLUE 
Dykem Co., 2303-F N. llth, st 
Mo. 


Louis 


LENSES, PRESSED GLASS 
Kopp Glass, Inc., Swissvale, Pa 


LIGHTS, MACHINE (Magnifiers) 


Stanley Electric Tools, 502 Myrtle, New 
Britain, Conn. “*Flud-Lite.”’ 

Surty Mfg. Co., 4136 W. Kinzie, Chi 
cago 24, Ill. 


LIGHTS, PILOT and INDICATOR 


Arrow-Hart & Hegeman Electric Co., 
103 Hawthorne, Hartford 1, Conn. 
Cannon Elec. Dev. Co., Dept. B-118, 3209 

Humboldt, Los Angeles 31, Cal. 

Dial Light Co. of America, Inc., 900 
Broadway, New York 3, N.Y. 
“Dialco.”’ 

Drake Mfg. Co., 1711 W. Hubbard, Chi- 
eago 22, Il. 


General Electric Co., Lamp Dept., Nelg 
Park, Cleveland, O. 

Hart Mfg. Co., 211 Bartholomew Ave, 
Hartford 1, Conn. ‘‘Diamond H.’’ 

Square D Co., 4041 N. Richards, Mi)- 
waukee 12, Wis. 


LOCKNUTS and LOCK WASHERS. 
See Fasteners. 


LOUD SPEAKERS 


Radio Corp. of America, Commercial Ep. 
gineering Section 41-CR, Harrison, 


LUBRICATORS, OIL and GREASE 


Gits Bros. Mfg. Co., 1840 8S. Kilbourn 

nee. ciuieage Ps -. 

adison-Kipp orp., 14 Wauhess 
Madison 10, Wis. ' 


LUGS and TERMINALS 


Aircraft-Marine Products, Inc., 1504 WN 
Fourth, Harrisburg, Pa. “Diamond. 
ee on ,”” “Solistrand.”* 
merican rass ompany, Waterbury 
88, Conn. 
Buchanan Electrical Prods. Cum. 1290 
Central Ave., Hillside, N. 

Burndy Engineering Co., let 
Bruckner Blvd., New York 54, WW. Y. 

Cambridge Termionie Corp., 453 Concord 
Ave., Cambridge 38, Mass. 

Heyman Mfg. Co., 500 Michigan Ave, 
Kenilworth, N. J. 

[isco Copper Tube & 
Cincinnati 27, O. 
Howard B. Jones Div., Cinch Mfg. Corp., 
2460 W. George, Chicago 19, Ill. 
Krueger & Hudepohl, Third & Vine, 


Cincinnati 2, O. 
Ravenswood Ave. 


Littelfuse, Inc., 4761 
Chicago 40, IIL 

Morse Co., Frank W., 1300 Soldien 
Field Rd., Boston 35, Mass. 

Patton-MacGuyer >. 17 Virginia Ave. 
Providence 5, R. 

Rajah Co., Bieomtield, N. J. 

Shakeproof, Inc., 2501 N. Keeler Ave. 
Chicago 39, Ill. zB. 


Sherman Mfg. Co., 
Mic 
Corp, 1901 Claybourn Ave., 


Products, Ine. 


12 Barney, 
Battle Creek, 

Soreng Mfg. 
Chicago 14, 

Superior Electric Co., 8039 Meadow St, 
Bristol, Conn. 

Thompson-Bremer & Co., 1640 W. Hub 
bard, Chicago 22, Ill. ‘**Everlock.’’ 
Winchester Electronics Co., 6 E. 46th, 

New York 17, N. Y. 


MACHINES. See Specific Headings, 
Balancing; Coil Winding; Die Casting; 
Drafting; Eyelet Attaching; Molding; 
Print; Rivet Setting; Screw Driving; 
Strippers, wire. 


MAGNETIC MATERIALS. 
Electrical; Magnets, 
netic Recording Tape. 


MAGNETIC RECORDING TAPE 


Indiana Steel Products Co., 6 N. Michi- 
gan Ave., Chicago 2, Ill. ‘*Hyflux.” 
Minnesota Mining & Mfg. Co., St. Paul 

6, Minn. ‘‘Scotch’’ Tape. 


MAGNETS, PERMANENT 


General Electric Co., Section 13-2, Chem- 
ical Dept., Pittsfield,* Mass. ‘‘Alnico,” 
*‘Cunico.”’ 
““‘Cunife.”’ ‘‘Silmanal,”’ ‘‘Vectolite.” 
Indiana Steel Products Co., 6 N. 
gan Ave., Chicago 2, Til. **Ispeo,”” 
“‘Alnico,”” “‘Cunico,”” ‘‘Cunife,’’ “‘Sil- 
manal,”’ “‘Vectolite.’’ 


MAGNIFIERS. See Lights, Machine. 


MATERIALS HANDLING EQUIPMENT 


Robbins & Myers, Inc., Crane & Hoist 
Div., Springfield, O. 


MERCURY ARC RECTIFIERS. Bee 
Rectifiers, Mercury Arc. 


MERCURY RELAYS. 
Contactors. 


MERCURY SWITCHES. See Switches 


MERCURY VAPOR LAMPS. See Lamps. 
Mercury Vapor. 


METALLIZED GLASS. See Glass, Tech 
nical. 


METALS, LAMINATED. See Laml- 
nated Metals, Precious and Base. 


METALS, PRECIOUS. See Gold; Lami 
nated Metal; Platinum; Silver. 


METALS, RARE 
Fanstee] Metallurgical Corp., 


cago, Ill. 
Mallory & Co., Inc., P. R., 
6, Ind. 


See Steel, 
Permanent; Mas- 


See Relays and 


North Chi- 
Indianapolis 


METERS. See Instruments. 


MICA, GLASS-BONDED. See Glass 
Bonded Mica. 


MICA MOLDED and LAMINATED 
(Sheets, Plate, Tape, Tubes, 
Segments, Washers, etc.) 


Brand & Co., William, 276 Fourth Ave. 
New York 10, N. Y. 
General Elec. Co., Section RIMA-678, 
Resin and Insulating Materials Div., 
Chemical Dept., Schenectady, N. 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, IIL 
Macallen Co., 16 Macalien, "Boston 21, 


Mass. 
Mica Insulator Co., Schenectady 1, N. ¥- 
**Micanite,’’ ‘*Munsell.”’ 
Mitchell-Rand Insulation Co. Inc, 51 
Murray, New York 7, zs 


ELECTRICAL MANUFACTURING 





SUPERSTRONG boxes and crates — 
“Bound with Steel"—have established 
a century old reputation for reliability 
and unchanging standards of top 
quality. 


SUPERSTRONG stands for high grade 
veneer and lumber, bound with steel 
for maximum strength . . . fabricated 
on modern equipment by experienced 
craftsmen ... yet with no penalty of 
greater cost. 


A SUPERSTRONG representative: will 
call at your convenience to give you 
the full story of these better shipping 


containers. 
SHIPPING 


SUPERSTRON() 


CONTAINERS JF ~ 


RATHBORNE, HAIR AND RIDGWAY COMPANY 
1440 WEST Jist PLACE +» CHICAGO 8, ILLINOIS 


MOTOR DEPARTMENT 


@ When you bring your motor problems 
to Peerless Electric, you add a motor-de- 
partment to your plant facilities. Peerless 
is small enough to give individual engi- 
neering attention to your motor require- 
ments—large enough to manufacture the 
motors you need in any quantity. 


We can give you the same quick action on 
special motors that you could get in your 
own plant if you had a motor department 
—action that will give you promptly the 
information or samples you may need. 


THE PEERLESS ELECTRIC COMPANY * WARREN, OHIO 
Manufacturers of Quality Motors for more than 55 years. 
Single Phase @ Polyphase ¢ Direct Current Motors 


APRIL 1949 























COIL SPRING 





BAA 



























e Our skilled spring engineers are at your service 
to produce better, more economical springs, wire 
forms and small parts, to your exact specifications. 
Whether you order springs in limited quantities or 
long production runs, you can be sure of getting the 
same expert attention, the same uniform high qual- 
ity. A call or letter will put this service to work for 
you immediately. 






No order too large or too small 


7.5. STEEL WIRE SPRING@ 





7800 FINNEY AVE. * Micuican 6318 
CLEVELAND 5, 0. 











MOTORS 





Miniature Timing Motors, Geared 





Subfractional, Under 1/20 Hp. 
Fractional, 1/20 to % Hp. 


Integral, 1 to 7% Hp. 




















Integral, Over 7% Hp. 


Gearmotors 








Generators 


Low Voltages (Under 110) 


Alliance Mfg. Co., Alliance, 0. ‘‘Alli- 
ance," ‘‘Power-Pakt’ (BY) 
Allis-Chalmers Mfg. Co., 937A 8S. 70, 


Milwaukee 1, Wis. (KLMNOUQRTUVW) 


Baldor Electrie Co., St. Louis 10, Mo. 
(FGELN) 

Barber-Colman Co., Rockford, Ill. ‘‘Bar- 
col’’ (BCEYZ). 

Bodine Electric Co., 2256 W. Ohio, Chi- 
cago 12, Ill. (BCDEFGHIQRYZ) 

Bristol Motor Co., Forestville, Conn. (A) 
Burke Electric Co., 393 W. 12th, Erie, 
Pa. (FGHKLMNOPUVW) 

Century Electric Co., 1806 Pine S&t., 
yg ante 8, Mo. (FGJKLMNOPQR- 


) 

Clarostat Mfg. Co., Inc., Dover, N. H. (B) 

Crocker-Wheeler Electric Manufacturing 
Co., Div. Joshua Hendy Corp., 
Ampere 3, N. J. (KLMNOPYZ) 

Cyclohm Motor Corp., Div. of Howard 
Industries, Inc., 5-17 46th Rd., Long 
Island City, N. Y. (ABEQTUVY) 

Delco Products Div., General Motors 
Corp., Dayton, O. (BFGKLNZ) 

Electrical Mfg. Co., Lake at Fourth, Ra- 
cine, Wis. (BCDFGHUV) 

Electric Auto-Lite Co., Toledo 1, O. (GZ) 

Electric Indicator Parker Ave., 
Stamford, Conn. “Alp” 
(BCDEFGHJUVYZ&) 

Electric Motor Corp., Racine, Wis. 
(BCDFGHQRYZ&) 

Electric Specialty Co., 171 
Stamford, Conn. 
(BCDEFGHJKLMNOPQRSTUVWYZ&) 

Electro Machines, Inc., 58 North 8rd 8t., 
Cedarburg, Wis. ‘‘Doerr’ (FGKL) 

Emerson Electric Mfg. Co., St. Louis 21, 
Mo. (FGJQRKLM) 

Fairbanks, Morse & Co., Chicago 5, Ill. 
(FJELNOQR) ‘‘Motorgear’’ 

Fasco Industries, Inc., 250 Davis, Rochester 
2, N. Y. (BCDFGHYZ&) 

Federal Telephone & Radio Corp., Dept. 
E-216, 100 Kingsland Rd., Clifton, 


N. J. (UV) 

General Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. Y. 
(BCDEFGHJKLMNOPQRSTUVWYZ&) 

General Industries Co., Dept. E, Olive & 
Taylor, Elyria, O. (BQYZ) 

Globe Industries, Inc., 135 Sunrise Pl., 


Dayton 7, 0 
Princeton 8, Ind. 


7 

Hansen Mfg. Co., Inc., 
“Synchron” (BCEYZ) 

Haydon Co., A. W., Waterbury 32, Conn. 
(CXZ) 

Heinze Electric Co., 685 Lawrence, Low- 
ell, Mass. (BCDFZ) 

Hertner Electric Co., 12690 Elmwood Ave., 
N. W., Cleveland 11, O. (KLNOUVZ) 

Hoover Co., Kingston-Conley Div., 86 
Brook Ave., Plainfield, N. J. (FK) 

Howell Electric Motors, Howell, Mich 
(FKNQ) 


South St., 


New England Mica Co., 
Ave., Waltham, Mass. 
MICA UNDERCUTTERS 
Ideal Industries, Inc., 1008 Park Ave., 

Sycamore, Ill. 
MICROPHONES 
- % 4 - 561 Broadway, New York 


Inc., 30 Woerd 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics, Mica, 
Plastics, Rubber. 


MOLDING MACHINES, PLASTIC 
Kux Machine Co., 3922 W. Harrison, 


Chicago 24, Ill. 
Stokes Machine Co., 5996 Tabor Rd., 


Philadelphia 20, Pa. 
MOLYBDENUM—Sheet and Wire 
(See also Contacts) 


Fansteel Metallurgical Corp., North Chi- 
cago, Ill. 

Mallory & Co., Inc., P. R., Indianapolis 
8, Ind. 


MOTOR-GENERATOR SETS. See Motors. 


MOTOR CONTROLS and STARTERS. 
See Controllers, Motor; Push Button 
Stations. 


MOTOR SLIDE BASES 


Overly-Hautz Co., 11500 
Cleveland 2, 0. 


MOUNTINGS, RUBBER 
SYNTHETIC 


Lord Mfg. Co., Erie, Pa. 
United States Rubber Co., 1230 Avenue 
of the Americas, New York 20, N. Y. 


MOVEMENTS, CLOCKS and TIMING 
Haydon Co., A. W., Waterbury 32, Conn. 


Madison Ave., 


and 
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Jack & Heintz Precision industries, Ing, 
Cleveland, O. (F) 

Janette Mfg. Co., 556 W. Monroe, Chi- 
cago 6, Illinois. (FGKQRZ) 

Kurman Electric Co., 35-18 37th, Long 
Island City 1, N. Y¥. (A) 

Lamb Electric Co., Kent, O. 


(BCDEFGHJQRS) 

Master Electric Co., Dayton 1, O. 
(FGIKLMNOPQRTUVW) 

McMillan Mfg. Co., Lindeke Blidg., & 


Paul 1, Minn. 
Motoresearch Co., 1600 Junction Ave., Ra- 


cine, Wis. (BQY) 
General Moten 


Packard Electric Div., 
Corp., Warren, 0. (FG) 

Peerless Electric Co., Warren, O. 

(FGKLN) 












Pesco Products Div., Borg-Warner Corp,, 
Dept. 8-5, 11610 Euclid Ave., Cleve 
land 6, O. (ZCGLO) 

Kae Motor Corporation, P. O. Box 9%], 
Racine, Wis. (BCDFGHYZ& 

Kedmond Co., Inc., Owosso, Mich. 
(BCFGZ) 

Reliance Electric & Engineering Oa, 
1054 Ivanhoe Rd., Cleveland 10, 9, 
(KLNOQRZ) 

Robbins & Myers, Inc., Motor Diy, 
Dept. C-39, Springfield 99, O. 
(BCDEFGHJKLMNPZ) 

Ruetz Mfg. Co., 1600 Junction Ave., Ra- 
cine, Wis (BCDFGHZ) 

Russell Electric Co., 340 W. Huron, 
Chicago 10, Ill. (BCFGYZ) 


Scruggs Co., Loyd, 1022-32 N. Sixth, & 


Louis 1, Mo. (B) 

Signal Electric Mfg. Co., Dept. B? 
Menominee, Mich. (BCDFGHZ) 

Signal Mfg. Co., 69 Bennett, Lyn, 
Mass. (BC) 

Star Electric Motor Co., 200 Bloomfiedé 


Ave., Bloomfield, N. J. 
(KLNOQRYZ) 
Sterling Electric Motors, Los Angeles 2. 


Calif. (FKN) 

Telechron, Inc., Motor Advisory Servies, 
30 Union St., Ashland, Mass, (A) 
U. 8. Electrical Motors, Inc., 200 N. 

Los Angeles 11, Calif. 


Slausen Ave., 
(FENQY) 

Valley Electric Corp., 4221 Forest Park 
Blvd., St. Louis 8, Mo. (FEN) 

Wagner Electric Corp., 6454 Plymoutd 
Ave., St. Louis 14, Mo. 
(FGKLNYZ) 

Wesche Electric Co., B. A., 1626-10 

0. ‘“Welco.” 


Vine, Cincinnati 10, 
(FGKLNOZ) 

Westinghouse Electrie Corp., P. 0. Ba 
868, Pittsburgh 30, Pa. 
(BCDEFGHJKLMNOPQRSZ&) 

Woods Machine Co., 8S. A., 27 Damrell, 
Boston 27, Mass. (KLNO) 






























NAME AND INSTRUCTION PLATES 


American Name Plate & Mfg. Co., 4256 
W. Arthington, Chicago 24, Ill. 


Electric Aute-Lite Co., Port Huron, 


Mich. 
Etching Company of America, 1520 Mos- 
tana, Dept. E-3, Chicago 14, Ill. 


General Electric Co., Plastics Div. 
Chemical Dept. (BC-11), 1 Plastics 
Ave., Pittsfield, Mass. (Plastics) 
‘*Textolite.’’ 

Meyercord Co., Dept. 7-11, 5323 W. Lake, 
Chicago 44. Ill. (Decals) 


(BCDEFGHJKLMNOPQRSZ&) 

Mica Insulator Co., Schenectady 1, N. Y. 
(Plastics) 

Palm, Fechteler & Co., Dept. EM, 220 W. 
42nd, New York 18, N. Y. 


NICKEL and NICKEL ALLOYS 
(Red, Sheet, Tubing, Wire) 













American Brass Co., Waterbury 88, 
Conn. (Cupro-Nickel) ‘Anaconda. 

methane Brass Co., Bridgeport 3, 
onn. 

Chase Brass & Copper Co., Inc., Water 
bury 91, Conn. 

Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, .. a 

Driver-Harris Co., Harrison, N. 4% 
“‘Chromax,”’ ‘‘Nichrome’’ 

International Nickel Co., Inc., 67 Wall 
New York 5. N. Y. “Inco,” ‘‘Monel, 


**Inconel,”’ ““Ni-Span.”” 
Revere Copper & Brass, Inc., 230 Pat® 
Ave., New York 17, N. Y. 
Scovill Mfg. Co., Waterbury 91, Conn. 
NICKEL SILVER 
(Rod, Sheet, Tubing, Wire) 
American Brass Co., Waterbury 88, 
Conn. **Anaconda.”’ 
NICKEL SILVER (Cont.) 


Baidospert Brass Co., Bridgeport 3, 

onn. 

Chase Brass & Copper Co., Inc., Wate 
bury 91, Conn. 
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COMPACT POWERFUL 





For The Right Voltage 
In The Right Place 
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con _ carefull ed 1 mene .-. solves remote control problems 
painstaking’ ~~ ae 
depe™ srement® . prompt que | The many production uses of Ledex Rotary Solenoids 
your a service vary from actuating bomb releases in military aircraft 
neering | to controlling hydraulic valves in heavy duty indus- 
rations exic, trial material handling equipment. 
ti Elec Five Ledex Rotary Solenoid models are manufac- 
. Ferra" \ler plaze | . y : 
. 30 pockefe mee tured. Diameters range from 114 to 35% inches. Prede- 
\ hew york 2% termined rotation up to 95°, either right or left, can 


be engineered to suit your production requirements. 
Starting torques for 45° of rotation range from 1/4 to 
50 pound-inches. 


The operating principle of the 
NORMAL OR Ledex Rotary Solenoid is simple. 
HIGH REACTANCE Magnetic action moves the arma- 

yrs ture along the solenoid axis. This 
action is converted into a rotary 
motion by means of ball bearings 


SCREW MACHINE PRODUCTS on incline races 














Precision manufacture to exacting specifications 
AND and individual operating tests are your assurance of 


dependable long-life service under severe operating 
METAL SPECIALTIES eae 


Modern plant equipped to 
produce accurate work in 
all metals. 


Send your specifications to 


us for prompt estimates | 
without obligation. | 


LINDEN & CO., Ine. 


70-82 Baker Street 
Providence, Rhode Island 


MAGNATROL 


MAGNETIC VALVES 


To control electrically the flow 

























5 Torque 
Lb.-Inches | % 
ba} Weight Lbs.| Vg 2% a 
FILL IN 


AND MAIL COUPON FOR 
ILLUSTRATED FOLDER GIVING 
- COMPLETE INFORMATION 









\ 
i 
! 
a. 


G. H. LELAND, INC. 
111 Webster Street, Dayton 2, Ohio 


Send Cae literature on the Ledex Rotary Solenoid. 
The Ledex Rotary Solenoid may be applicable to our .. . 





of Air- Gas-Oil-Brine Product 
Hot or Cold Water, etc: Name atte 
Company 


Send for Catalog 
MAGNATROL VALVE CORP. 


66 FIFTH AVENUE HAWTHORNE, N. J. 


Street Address 


ee 





SEES Ease Dy, 
ee ————— 


ep gunn cee eee Ges ee ee ee ee ee ee ee ee 


APRIL 1949 273 


A compactly designed relay 
for multiple circuit switch- 
ing. No more space required 
for any contact arrangement, 
utilizing up to 18 arms. 


Ask for Bulletin 50-2 


and MANUFACTURING TST Ts 


154 WEST 14th ST. 


- NEW YORK 11, N. Y: 


, “Data Of - 
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ot Work in Industry 


Federated Metals Div. American Smelting 
« egos y* 120 Broadway, New 


York 5 . 

Revere Copper & prem, Inc., 230 Park 
Ave., New York 17, N. Y. 

Riverside Metal Co., Riverside, N. J. 

Seymour Mfg. Co., Seymour, Conn. 

NON-MAGNETIC IRON and STEEL 
See Steel, Stainless. 


NUTS. See Fasteners. 


NUT RUNNERS, PNEUMATIC. 
Pneumatic Tools and Equipment. 


OHMMETERS. See Instruments. 
OILERS. See Lubricators, Oil and Grease 


OVENS & FURNACES, INDUSTRIAL 


Despatch Oven Co., 619 Eighth Ave., 
Minneapolis 14, Minn 


PACKAGING. See Boxes and Crates; 
Containers, Packaging and Shipping 


PACKINGS. 


PANEL CONTROL UNITS 


Allen-Bradley Co., 1316 8S. Second, Mil 

waukee 4, Wis 

Arrow-Hart & “Hegeman Electric Co., 

Hartford, Conn. 

General Electric Co., Section 1668-57, 

Apparatus Dept., Schenectady 5, N. Y. 

Heineman Electric Co., 99 Plum, Tren- 

ton, ° 

Square D Company, 4041 N. Richards, 

Milwaukee 12, Wis. 

Ward Leonard Electric Co., 34 South, 
P. O. Box 


See Gaskets. 


Mount Vernon, N. Y. 
Westinghouse Electric Corp., 
868, Pittsburgh 30, Pa. 


PANELS, METAL. 
Metal. 


See Cabinets, Sheet 


PAPER, CONDENSER TISSUE 
Smith Paper, Inc., Lee, Mass. 


PAPER, INSULATING 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Baer Co., N. 8., 7-11 Montgomery, Hill- 
side, N. J. 

Cottreil Paper Co., Inc., Fall River, 
Mass. “‘Copaco,”’ “‘Coparex,’’ ‘“Nungra.”’ 

General Electric Co., Section RIMA-678, 
Resin & Insulation Materials Div., 
Chemical Dept., Schenectady 5, N. Y. 

— & Vose Co., East Walpole, 

ass. 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill. 

Irvington Varnish & Insulator Co., Irv- 
ington 11, N. 

Mica Insulator Co., Schenectady 1, N. Y. 
“*Empire.’ 

Mitcheli- Rand Insulation Co., Ine., 51 
Murray, New York 7, N. Y. 

National ‘Varnished Products Corp., 207 
Randolph Ave., Woodbridge, N. J. 
**Natvar.”’ 

National Vuleanized Fibre Co., 
ton 99, Del. ‘‘Peerless.’’ 

Taylor Fibre Co., Norristown, Pa. 

West Virginia Pulp & Paper Co., 230 
Park Ave., New York 17, N. Y, 
“Densite,” “‘Electrite,” ‘Kraft Board.’ 


PAPER, TRACING. See Tracing Cloth 
and Paper. 


PENCILS, DRAWING 
pe Pencil Co., 


Wilming- 


Bloomsbury, 


Staedtler, J. S., 55 Worth, New York 1%, 
N. Y. 


PERMANENT MAGNETS. See Magnets, 
Permanent 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 88, 
Conn. ‘‘Anaconda.”’ 
Bridgeport Brass Co., Bridgeport 2, 
onn. 

Chase Brass & Copper Co., Inc., Water- 
bury 91, Conn. 

a = Co., Ine., P. R., Indianapolis 
, Ind, 

Phosphor Bronze Corp., Dept. A, 2200 
Washington Ave., Philadelphia 46, Pa. 

Revere Copper & Brass, Inc., 230 Park 
Avenue, New York 17, N. 

Riverside Metal Co., Riverside, N. J. 

Scovill Mfg. Co., Waterbury 91, Conn. 

Seymour Mfg. Co., Seymour, Conn. 


PHOTOELECTRIC CELLS AND TUBES 


General Electric Co., Electronics Dept., 
Thompson Rd., Syracuse, N. Y. 

Radio Corporation of America, Com- 
mercial Engineering Section 41-CR, 
Harrison, N. J. 

Vickers Electric Div., Vickers, Inc., 1815 
Locust, St. Louis 3, Mo. 


PHOTOELECTRIC CONTROLS 


Electro-Therm, Inc., 8010 Georgia Ave., 
Silver Spring, 
General Control Co., 1200 Soldiers Field 
Rd., Boston 34, Mass. 

General Electric Co., Electronics Dept., 
Thompson Rd., Syracuse, N. Y. 

Mercoid Corp., 4227 W. Belmont Ave., 
Chicago 41, Ill. ‘*Visafiame.’’ 

Westinghouse Electric Corp., P. 0. Box 
868, Pittsburgh 30, Pa. 

Weston Electrical Instrument Corp., 617 
Frelinghuysen Ave., Newark 5, N. J. 
“*Photronic.”’ 


PHOTO PAPERS 


Eastman Kodak Co., Industrial Photo- 
graphic Div., Rochester 4, N. Y. 


= 


PIEZOELECTRIC UNITS. See Crysty 
Units, Quarts. 


PILES, CARBON 
Carbon & Graphite. 


PILLOW BLOCKS. See Blocks, Pillow, 


PINS, COTTER AND LOCK. See 
Fasteners. 


PLASTICS-CUSTOM MOLDERS and 
EXTRUDERS 


American Hard Battier Co., 11 Mercer, 
New York 13, N. 

American Insulator Cue. New Freedom, 
Pa. ‘‘Aico,’ 

Auburn Button Works, 460 McMaster, 
Auburn, N. Y. 

Barber-Colman Co., Rockford, Ill. 

Chicago Molded Products -» 1024 N 
Kolmar Ave., Chicago 51, IL 

Consolidated Molded Products Corp., 9% 
Cherry, Scranton 2, Pa. 

Dickten & Masch Mfg. Co., 903 E. Viennm 
Ave., Milwaukee 2, Wis. 

Electrie Auto-Lite Co., Bay Mfg. Diy, 
Bay City, Mich. 

Federal Telephone and Radio Corp, 
Dept. F-416, 900 Passaic Ave., E. Neg. 
ark, N. J. 

General Electric Co., Plastics Div., 
Chemical Dept. (BC-11), 1 Plastics Ave, 
Pittsfield, Mass. 

General Industries Co., Dept. E, Olive & 
Taylor, Elyria, O. 

General Molded Products, Inc., 1365 Le 

77 New York Ave, 


RHEOSTAT. Sm 


St., Des Plaines, Il. 
Insulation Mfg. Co., 
Brooklyn 6, N. Y. 
Irvington Varnish & Insulator Co., Ir. 
ington 11, N. J. 
Kuhn & Jacob Moulding & Tool Co, 
1204 Southard, Trenton 8, N. J. 
Kurz-Kasch, Inc., 1419 8. Broadway, 
100 Main, Wayn, 


Dayton 1, O. 

a plolding Co., 

Midwest Molding & Mfg. Co., 4630 W, 
Fullerton, Chicago 39, IIL 

National Viarnished Products Corp., 9 
Randolph Ave., Woodbridge, N. J. 

Phalo Plastics Corp., 25 Foster, Woree- 


ter 8, Mass. 
2500 W. Irving PR 


Rogan’ Brothers, 
Blvd., Chicago 18, Ill. 

Synthane Corp., 2 River Road, Oaks, Pa 

Taylor Fibre Co., Norristown, Pa. 

Watertown Mfg. Co., 700 Echo Lake Rd. 
Watertown, Conn. 


PLASTICS-LAMINATED 
FABRICATORS 


Baer Co., N. S., 7-11 Montgomery, Hil- 
side, N. J. 

Barber-Colman Co., Rockford, Il. 

Chicago Molded Products Corp., 1024 N 
Kolmar Ave., Chicago 51, Ill. 

Continental-Diamond Fibre Co., Newar 
18, Delaware. 

Electric Auto-Lite Co., Bay Mfg. Div.. 
Bay City, Mich. 

Formica Co., “a Spring Grove Ave.. 
Cincinnati 32, 

General Electric 7. Plastics Div. (BS8- 
11), 1 Plastic Ave., Pittsfield, Mass. 

General Industries, Inc., Dept. W. Elyria, 


0. 

Kurz-Kasch, Inc., 1419 8. Broadway. 
Dayton 1 0. 

Mica Insulater Co., Schenectady 1, Y. 

Midwest Molding & Mfg. Co., 4630 raite: 
ton, Chicago 39, Ill. 

Richardson Co., Melrose Park, Ill 

Rogan Brothers, 2500 Irving Park Bivd., 
Chicago 18, III. 

Synthane Corp., 2 River Road, Oaks, Pa 

Taylor Fibre Co., Norristown, Pa. 


PLASTICS, LAMINATED (Sheets, 
Rods & Tubes) 


Soe ie 9 S., 7-11 Montgomery, Hill- 

Bakelite Corp., Unit of Union Carbide & 
Carbon Corp., Dept. 15, 30 E. 42nd, 
New York 17, ms Me 

Celanese Corp., Dept. D-5, 180 Madiso 
Ave., New York 16, N. ~: 

Continental-Diamond Fibre Ce., Newart 
18, Delaware. 

Durez Plastics & Chemicals, Inc., 138 
Walck Road, North Tonawanda, N. 
Formica Co., Spring Grove Ave., Cincia- 

nati 32. O. 
Eastman Kodak Co., Rochester 4, N. ¥ 
General Electric Co., Plastics Div. (BC- 
11), Chemical Dept., 1 Plastics Ave, 
Pittsfield, Mass. ‘“Textolite.’’ 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, & 
Mica Insulator Co., Schenectady 1, N. ¥. 
“*Lamicold.”’ 
National Vulcanized Fibre Co., Wilmins- 
ton 99, Del. “*Phenolite.” 
Richardson Co., Melrose Park, Ill. 
Synthane Corp., 2 River Road, Oaks, Ps. 
Taylor Fibre Co., Norristown, Pa. 
Westinghouse Electric Corp., P. 0. Ba 
868, Pittsburgh 30, Pa. “Micarta. 
Woodall Industries, Inc., 7567 cart tichole 
Rd., Detroit 5, Mich. 


PLASTICS MOLDING MATERIALS 


Cellulose Acetate (A) 
Melamine Formaldehyde (C) 
Methyl Methacrylate (D) 
Aad — 
Polyst: 
Polyamide (Nylon) 
Polyethylene 
Urea ee 
Vinyl! 
Vinyl a 
Vinyl Chloride Acetate 
Vinylidene Chloride 
Polytetrafiuorethylene 

1 Resi 


Ally’ n 
Cellulose, Nitrate 


PE eS -_ 
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Ox CONTACT DEPARTMENT is an institution in :t- 
self, equipped to furnish you with anything you 
may need in contacts or contact material in platinum, 
palladium and their alloys, gold and silver. Among our 
standard types are rivets, screws, discs, rods, rings and 
special shapes and stampings. We make laminated and 
inlay strips of any width and thickness. 

LIGHT ASSEMBLIES We undertake sub-contracting 
work for light assemblies and sub-assemblies for elec- 
trical, electronic, radio, refrigeration, heating and other 
industries and to make small instruments and instru- 
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ZIRCON + coRDIE Subsidiary of Harbison-Walker Refractories 


EAST LIVERPOOL, OHIO 


FOR IMPREGNATING 

Radio Coils, Transformer Coils, 
Ignition Coils, Wire Coverings, 
Paper Tubes and Forms, Porous 
Ceramics. 


FOR SEALING 


Condensers, Batteries, Switch 
Base Terminals, Socket Terminals, 


Light Fixtures. 


FOR DIPPING 


Coils, Transformers, Condensers. 


COMPOUNDS '3: "=< 
Radio Transformers, Tig Units, 


Leading Coils, Conden 


Scientifically compounded from waxes, resins, asphalts, seen oils 
and minerals for specific applications. Specific data and samples 
will be furnsshed on request. 


BIWAX CORPORATION 
3445 Howard Street SKOKIE, ILL. 
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ment parts to your specifications. 


; 5 * . 
: 1 , | ll i NEW YORK SAN FRANCISCO CHICAGO 





Manufacturing Compan ny 





BAKER & CO., INC 
113 Astor St., Newark 5, N. J 
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P-506-CE—Plug with Cap 


SOCKETS 


500 SERIES 
ah ATM Ol Tela as 





For 5,000 Volts, 25 Amperes 
S-506-DB per Contact Alterable by cir- 
Socket with deep Bracket cuit Characteristics. 


Socket contacts of phosphor bronze, knife-switch type, cadmium 
plated. Plug contacts hard brass, cadmium plated, Made in 2, 
4, 6, 8, 10, and 12 contacts, Plugs and sockets polarized, Long 
leakage path from terminal, and terminal to ground. Caps and 
brackets, steel parkerized (rust-proofed). Plug and socket blocks 
interchangeable in caps and brackets. Terminal connections most 
accessible. Cap insulated with canvas bakelite. 


Write for Jones BULLETIN 500 for full details on line. 


HOWARD B. JONES DIVISION 


Cinch Mfg. Corp 
2460 W. GEORGE ST CHICAGO 18, ILL. 





275 
















NOU C 


OF IMPORTANCE TO THE 
ELECTRICAL INDUSTRY 

































































































Vickers Magnetic Amplifier 
















VICKERS ELECTRIC DIVISION, Vickers Inc., 


Announces a complete Research and Development 




















Section available for your technical problems in 











relation to the following— 





























MAGNETIC AMPLIFIERS 
MAGNETIC AUDIO AMPLIFIERS 
STATIC VOLTAGE REGULATORS 

STATIC MOTOR SPEED CONTROLS 
POWER SATURABLE REACTORS 
eset el se 
























































PHOTOELECTRIC CELLS 
SERVOMECHANISMS 
MAGNETIC FLUID CLUTCHES 
SPECIAL MOTORS AND GENERATORS 












































TRANSFORMERS + ARC-WELDERS 


CONTROLLED POWER RECTIFIERS FOR 
ELECTRO-CHEMICAL PROCESSES 












































The fundamental schemes employed in many of the 


above involve general use of tubeless amplifier circuits 














—Magnetic Amplifiers. 








For information regarding application of the above 








relative to your requirements, you are cordially in- 





vited to consult our Engineering Department. 















































VICKERS £ *\) 
DIVISION 


1815 LOCUST ST. ST. LOUIS 3, MISSOURI 


A UNIT OF THE SPERRY CORPORATION 
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American Cyanamid Co., Plastics 
85 Rockefeller Plaza, 
N. Y. (CJQ) ‘‘Beetle,”’ ‘“Melmac.”’ 

a Corp. Unit of Union Carbide 

& Carbon Corp., Dept. 15, 30 E. 42nd, 
New York 17, N. Y. (EFJM) 

Celanese Corp.. Dept. D-5, 180 Madison 
Ave., New York 16, N. 4 

du Pont de Nemours & Co., Inc., E. I. 
Plastics, Koom 132, Wilmington 98, 
Del. (ADGHKLPR) ‘‘Lucite,”’ ‘‘Buta- 
cite,”’ **Plastacele,’’ **Pyralin,” ‘‘Strux,”’ 
“Teflon 

Durez Plastics & Chemicals, Inc., 133 
Walck Road, North Tonawanés, N. Y. 
(E) (Casting Resins) 


Dept., 
New York 20, 


General Electric Co., Compound Div., 
Chemical Dept., 1 Plasties Ave., Pitts- 
field, Mass. 

Goodrich Chemical Co., B. F., Dept. J-3, 
Rose Bldg., Cleveland 15, 0. ‘‘Geon,”’ 
“*Kriston’’ (N) 

Koopers Co., Chemical Division, EM-3, 


Koppers Bldg., Pittsburgh 19, Pa. 
Martin, Glenn L., Co., Dept. E-3, 
more 3, Md. (N) ‘“*Marvinol.’’ 
Aonsanto Chemical Co., Plastics Div., 
EMP 15, Springfield 2, Mass. ‘‘Cerex,’’ 
“‘Lustron,’’ “‘Lustrex,’’ ‘‘Ultron,”’ ‘‘Fi- 
bestos,”’ “‘Nitron,” ‘“Resimene,”’ ‘‘Resi- 

nor,” ‘‘Styramie’ (ACEFL) 
Plaskon Div., Libbey-Owens-Ford Glass 
on 2137 Sylvan Ave., Toledo 6, O 


Park, Ill 


Dept 


( 
Richardson Co., 
**Insurok.’”’ 


Melrose 


PLATING GENERATORS. See Motors. 


PLArinus and PLATINUM PROD- 
UCTS (See also Contacts) 


=, *, Co., Inc., 113 Astor, Newark 
Brainin Co., ¢ 8., 233 Spring, New 


York 13, N. 
General Plate Dir., Metals and Controls 
Attleboro, Mass. 


Corp. 403 Forest, 
Baty 4S & pou, 82 Fulton, New York 


D. E., Co., Attleboro, Mass. 






Make i 


Secon Metals Corp. 998 E, 45th, New 
York 17, N. 

Wilson Co., in. A., 105 Chestnut, New- 
ark 5, N. J. 

PLIERS 

Klein & Sons, Mathias, 3200 Belmont 
Ave., Chicago 18, IIL. 

PLUGS AND RECEPTACLES 

Arrow-Hart & Hegeman Electrie Co., 
Hartford, Conn. 

Belden Mfg. Co., 4638 W. Van Buren, 
Chicago 44, Ill. 

Buchanan Elec. Prods. Corp., 1290 Cen- 
tral Ave., Hillside, N. J. 

Cannon Electric Development Co., Dept. 
B-118, 3209 Humboldt St., Los Angeles 
31, Calif. 

Cornish Wire Co., Inc., 15, , Park Row, 
New York, N. Y. ‘‘Corwico 


Federal Telephone and Tiadio Corp., 
Dept. — 100 Kingsland Rd., Clif- 
ton, 

General Electric Co., Section W11-1122, 
Construction Materials Dept., Bridge- 
port 2, Conn. ‘*Flamenol.’’ 

Interstate Mfg. Co., 125 Sussex Ave., 
Newark 4, N. J. ‘‘Inco.”’ 

Howard B. Jones Div., Cinch Mfg. Corp., 


2460 Ww. George, Chicago 18, Ill. 
Mines Equipment Co., 4223 Clayton Ave., 
St. Louis 10, Mo. 
Morse Co., Frank W., Boston 35, Mass. 
National Electric Products Corp., 1313 
a of Commerce Bldg., Pittsburgh 
v, a. 


Packard Electrie Div., General Motors 
Corp., Warren, O. 
Russell & Stoll Co., 125 Barclay, New 
York 7, N. Y. ‘‘Ever-lok.”’ 

Solar Electric Corp., Central Ave., 
Warren, Pa. 
U. 8. Rubber Co., 1230 Avenue of 
Americas, New York 20, N. Y. 

6 E. 46th, 


Winchester Electronics Co., 
New York 17, N. Y. 
PLUGS, EXPANSION 


Hubbard Spring Co., M. D., 
Ave., Pontiac 12, Mich. 

Wrought Washer Mfg. Co., 
Bay, Milwaukee 7, Wis. 


PNEUMATIC TOOLS and EQUIPMENT 
Keller Tool Co., Grand Haven, Mich. 


525 Central 
2200 ~=«S. 


PORCELAIN. See Ceramics. 

POSTS, BINDING 

Chase Brass & Copper Co., Inc., Water- 
bury 91, Conn. 

Superior Electric Co., 8039 Meadow St., 


Bristol, Conn. 
— 


POTENTIOMETERS. See Rheostats. 


POTS and LADLES, MELTING 


General Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. Y. 

Sta-Warm ne Co., 565 N. Chest- 
nut, Ravenna, 

Vulcan Electric ce, Danvers 2, Mass. 


POWDERED METAL PRODUCTS 


(See also Bearings and Bushings; 
Contacts) 

Amplex Mfg. Co., Div. Chrysler Corp., 
Dept. 


B, Detroit 31, Mich. 
Bound Brook Oil-Less Bearing 
Bound Brook, N. J. 


Callite Tungsten Corp., 547 39th, Union 
City, N 


% * 
Gibson Electric Co., 9349 Frankstown 
Ave., Pittsburgh 21, Pa. 


Co., 





Johnson Bronze Co., 570 Mill, New 
Castle, Pa. 

Mallee |! & Co., Inc., P. R., Indianapolis 

Moraine Products Division, General Mo- 
tors, Dayton, O. 

National Molded Products, Ine., S8&t, 
Marys, Pa. 

Stackpole Carbon Co., St. Marys, Pa, 
(Iron Cores) 

POWDERS, METAL 

New Jersey Zine Co., 160 Front, New 
York 7, N. Y. (Brass, Brenze, Copper 


and Zine) 


POWER SUPPLY UNITS, RECTIFIER 
American Television & ,Radio Co., St, 
Paul 1, Minn. “ATR.” 

Electricoil Transformer Go. 421 Canal 
and Radio Corp., 


St., New York 13, N. 
Federal Telephone 
900 Passaic Ave., E. 
Mallory & a Inc., P. R., 
6, Ind. 


Dept. - 216, 
J. 
Standard Transformer Corp., 


Newark, 
Indianapolis 
Ave., Chicago 18, II. 


3570 Elston 


PRE-FINISHED METALS. 


See Steel, 
Commercial Grades 


and Forms. 


PRESSED WOOD PARTS 


Woodall Industries, Inc., 
Rd., Detroit 5, Mich. 
Masonite Presdwood) 


7567 McNichols 
(Fabricators of 








PRESSES, HYDRAULIC 

Denison Engineering Co., 1160 Dublin 
Rd., Columbus 16, 

Hydraulic Press Mfg. Co., 1004 Marion 


Road, Mount Gilead, 


Lake Erie Engineering Corp., 878 Wood- 
ward Ave., Buffalo 17, N. Y. 

Stokes Machine Co., F. J., 5996 Tabor 
Rd., Philadelphia 20, Pa. 

PRESSES, MOLDING. See Molding 
Machines, Plastic 

PULLEYS, V-TYPE. See Drives, Y- 
Belt. 

PUMPS 


Allis-Chalmers Mfg. Co., 937A 8S. 70, 
Milwaukee 1, Wis. 
Robbins & Myers, Ine., Dept. C-39, 


Springfield, O. ‘‘Moyns.’’ 
tilla Magneto Div., Bendix Aviation 
‘orp., Sidney, N. Y. (Diesel Fuel) 
Stokes Machine Co., F. J., 5996 Taber 
Rd., Philadelphia 20, Pa. 


PUSH BUTTON STATIONS 

Allen-Bradley Ca. 1816 8. Second, Mil- 
waukee 4, W 

Allis-Chalmers ‘re. Co., 937A 8. 70, 
Milwaukee 1, Wis. 

Arrow-Hart & Hegeman Blectrie Co., 108 
Hawthorne, Hartford, Conn. 

General Electric Co., Section E669-67, 
Apparatus Dept., Schenectady 5, N. Y. 


Micro Switch Div., First National Coep., 
Freeport, Ill. 

—— Acme Co., 176, ,E. 131st, Cleve- 
land 0. ‘“‘Nameo. 

Square > Co., aol D N. Richards, Mil- 
waukee 12, Wis. 

Superior Electric Co., 8039 Meadow St., 
Bristol, Conn. 

Ward Leonard Elec. Co., 34 South, Mt. 
Vernon, N. Y. 

Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 30, Pa. 

PYROMETERS, POTENTIOMETER 

Bristol Company, 153 Bristol Rd., Water- 
bury 91, Conn. 

Lewis Engineering Co., 


Naugatuck, Conn. 


REACTORS. See Transformers. 
RECEPTACLES. See Plugs and Re- 
ceptacles. 


RECTIFIERS, DRY METALLIC 


Acme Electric Corp., 353 Water, Cuba, 
> Me 

Allis-Chalmers Mfg. Co., 937A 8S. 70, 
Milwaukee 1, Wis. 

Cambridge Thermionic Corp., 453 Con- 
cord Ave., Cambridge 38, Mass. (Cop- 
per Oxide) 

Electronic Rectifiers, Inc., 737 N. East 
Ave., Indianapolis 2, Ind. (Magnesium- 


Copper Sulphide) 

Fansteel Metallurgical Corp., Rectifier 
Div., North Chicago, Ill. (Selenium) 

Federal Telephone and Radio Corp., 
Dept. F 485, 900 Passaic Ave., E. New- 
ark, N. J. (Selenium) 

General Electric Co., Section E669-67, 
Apparatus Dept., Schenectady 5, N, Y. 
(Copper Oxide, Selenium) ‘“Tungar.”’ 

Mallory Co., Inc., P. R., Indianapolis 
6, Ind. (Magnesium- Copper Sulphide). 

mee Receptor Co., Inc., Dept. MS-14, 251 

19th, New York 11, N. Y. (Se 


eden **Selectron.’’ 

Vickers Electric Div., Vickers, Inc., 1815 
Locust, St. Louis 3, Mo. 

Westinghouse Electric Corp., P. O. Bo 
968, Pittsburgh 30, Pa. (Copper Ox- 
ide) ‘*Rectox.” 

RECTIFIERS, MERCURY ARC 

Allis-Chalmers Mfg. Co., 937A 8. 10, 
Milwaukee 1, Wis. 

Federal Telephone and Radio _Corp., 
Devt, F-416, 67 Broad, New York 4, 

General Electric Co., 


Section E669-67, 
Apparatus Dept., Schenectady 5, N. ¥ 
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PROVIDE DELAYS RANGING 
FROM I TO 120 SECONDS 


EATURES: — Compensated for am- 
bient temperature changes from —40° 
to 110° F .. . Hermetically sealed; not 
affected by altitude, moisture or other climate 
changes . . . Explosion-proof . . . Octal radio 
base . . . Compact, light, rugged, inexpensive 
. . . Circuits available: SPST Normally Open; 
SPST Normally Closed. 


PROBLEM? Send for “Special Problem Sheet” 









AMPERITE 


! hes 
— REGULATORS are the simplest, lightest, cheapest, 
and most compact method of obtaining current or voltage ° 
lation . . . For currents of .060 to 8.0 Amps . . . Hermetically 
sealed; not affected by altitude, ambient temperature, 
humidity. Write for 4-page Illustrated Bulletin 


FAmpERITE CO., 561 Broadway, New York 12,N.Y 


60° Kino St. V 


DYKEM STEEL BLUE 


STOP S8 
LOSES >= 


making dies 
& templates 


Simply brush on right 
at the bench; ready 
for the layout in a 
few minutes. The 
dark blue background 
makes the scribed lay- 
out lines show up in 
sharp relief, and at 
the same time prevents metal glare. Increases efficiency and accuracy. 


Write for full information 
THE DYKEM COMPANY, 2303F North 11th St., St. Louis 6, Mo. 
In Canada: 2466 Dundas St. West, Toronto, Ont. 





ATNO | 
EXTRA 
! cost! 


a. PRECISION 











DI-FORMED PAPER TUBES 


Greater strength. Automatic stacking. 
not be formed after winding. 
engineered. Save wire and labor. 
and new Mandrel List. 

Also Precision Bobbins, Coil Forms Spool 


PRECISION PAPER TUBE CO. 


2035 WEST CHARLESTON STREET CHICAGO 47, ILLINOIS 
Piant No. 2. 79 Chapel Street, Hartford, Conn 







Coils need 
Coils more closely 
Write for samples 
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ble-Free Asse 


PHALO 


THERMOPLASTIC 
CORD SETS! 


, di 






Power Supply Cord Type No. 18 POT-32. 
UL approved with heavy-duty cord and plug. 





Power Supply Cord Type No. 18 POT-64 with PHALO 
Molded Plug and Line Switch. 





Power Supply Cord with 
PHALO Molded Plug and 
Molded Female Connector 
(for use with television re- 
ceivers). 


Power Supply Cord, Type 
No. 18 POT-64, UL ap- 
proved, with PHALO right- 
angle plug. 


PHALO plugs, molded to connectors, assures trouble- 
free assembly. Plugs are Underwriters’ approved, 
and designed for appearance as well as utility. 
Built to your specification. 


PHALO Single Conductor and Multi-Con- 
ductor Fixture, and Machine Control Wire. 


Send for copy of 20 page 
illustrated PHALO catalog. 





Sm Fe e 


NE 
aa 


= Manufacturers of Insulated Wire, Cables, Cord Sets 


and Thermoplastic Tubing. 


277 































































































































































































































































































































































































































































































































































































































































































e Can be set for 
single and multi- 
ple eyelets. 


e@ Will take all sized 
eyelets. 


e@ Low maintenance. 


@ Raceways and tools 
changed in min- 
utes. 


FOR ASSEMBLING 
SOCKETS 
SWITCHES 


FLASHLIGHTS 
etc. 


25 Beekman Street 





SAVE TIME AND MONEY 


This is the most modern 
time-saving eyelet attaching machine. 


EDWARD SEGAL 


Mfgrs. of Eyelet Attaching Machines 


New York City 7, N. Y. 








e Name the voltage. 
Aerovox capacitors will 


handle it. 


but two of large group for 
special high-voltage research 
project. Rated at 125,000 volts 
for single units, 250,000 volts 
for two in series. 







AEROVOX 


capacitors 


These 


Units shown are 


These are standard Aerovox 
items—tully engineered: tried- 
tested-proven construction; 
available at any time — and 
on time. 


Let us quote on your capaci- 
tance needs! 


FOR RADIO-ELECTRONIC AND 


INDUSTRIAL APPLICATIONS 





Radio Corporation of America, Com- 
mercial Engineering, 


Section 41-CR, 
Harrison, N. J. 
Westinghouse Electric Corp., P. O. Boz 
868, Pittsburgh 30, Pa. 


REGULATORS, MOTOR SPEED. See 
Controllers, Motor. 


REGULATORS, TEMPERATURE. See 
Thermostats. 
REGULATORS, VOLTAGE. See alse 


Variable- Voltage. 
Water Cuba, 


Transformers, 
Acme Electric Corp., 353 
_ 2 
Allis-Chalmers Mtg. Co., 987A 8S. 70, 
Milwaukee 1, Wis. 

Burlington Instrument Co., Dept. O-29, 
Burlington, Iowa. 
Federal Telephone and Radio _ Corp., 
Dept. E-216, 67 Broad, New York 4, 

l,m 


General Electric Co., Section E668 67, 
Apparatus Dept., Schenectady 5, N. ¥. 
Gramar Co., 2734 N. Pulaski Rd., Chi- 


cago 39, Ill. 

Raytheon Mfg. Co., Waltham 54, Mass. 

R-B-M Division, Essex Wire Corp., Dept. 
L-3, Logansport, Ind. 

Sorensen & Co., 375 Fairfield Ave., Stam- 
ford, Conn. ‘‘Nobatron.”’ 

Superior Electric Co., 1312 Meadow St., 
Bristol, Conn. 

Vickers Electric Div., Vickers, Inc., 1815 
Locust, St. Louis 3, Mo. 

Westinghouse Elec. Corp., P. O. Box 868. 
Pittsburgh 30, Pa. 


RELAYS and CONTACTORS 


Adams & Westlake Co., 1108 N. Michigan 
Ave., Elkhart, Ind. (Mercury) ‘‘Ad 


e. 

Advance Electric & Relay Co., 1260 W. 
2nd, Los Angeles 26, Calif. 

Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. 

Allied Control Co., Inc., 2 East End 
Ave., New York 21, N. Y¥. 

American Gas Accumulator Co., 1027 
Newark Ave., Elizabeth 3, N. J. “‘Aga- 
stat. 

Amperite Co., 561 Broadway, New York 
12, N. ¥. (Delay, Thermostatic Metal 
Bulb Type) 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 1, Conn. 

Allis-Chalmers Mfg. Co., 937A 8S. 70, 
Milwaukee 1, Wis. 

Automatic Electric Mfg. Co., 60 State, 
Mankato, Minn. 

Automatic Electric Sales Co., 1033 W 
Van Buren, Chicago 7, Ill. 

Automatic Switch Co., 391 Lakeside Ave., 
Orange, N. J. 

Barber-Colman Co., Rockford, Ill. 

Clare & Co., C, P., 4719 W. Sunnyside 
Ave., Chicago 30, Ill. (Mercury & 
Micro-adjustment) 

Comar Elec. Co., 3148 N. 
Chicago 18, Ill. 

Davis & Co., Dean W., 1006 First, 
Kentland, Ind. 

Durakool Inc., 1010 N. Main, Dept. OO, 
Elkhart, Ind, (Mercury) 

Edison, Thomas A., Inc., Instrument Div 
289 Lakeside Ave., W. Orange, N 

Electric Auto-Lite Co., Toledo 1, O. 

Electro-Therm, Inc., 8010 Georgia Ave., 
Silver Spring, Md. 

Federal Telephone and Radio Corp., Dept 
E-216, 900 Passaic Ave., East Newark, 


Washtenaw Ave., 


General Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. Y. 
Guardian Electric, 1627-C W. Walnut 


Chicago 12, Ill. 

Haydon Co., A. W. Waterbury 32, Conn. 

Kurman Electric Co., 35-18 37th, Long 
Island City, N. Y. 

Leach Relay Co., 5915 Avalon Blvd., 
Los Angeles 3, Calif. 

Mercoid Corp., 4227 W. Belmont Ave 
Chicago 41, Il. 

Potter & Brumfield Sales Co., 551 W. 
Washington Blvd., Chicago 6, Ill. 

RBM Division, Essex Wire Corp., Dept 
L-3, Logansport, Ind 

Sigma Instruments, Inc., 60 Ceylon, Bos- 
ton 21, Mass. 

Signal Engineering & Mfg. Ce. 154 W. 
14th St., New York 11, N. 

Square D Co., 4041 N. Richards, Mil- 
waukee 12, Wis. 

Struthers-Dunn, Ine., 150 N. 13th, Phila- 
delphia 7, Pa. (Mercury) 

Ward Leonard Electric Co., 34 South St., 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 30, Pa. (Time Delay) 
Weston Electrical Instrument Corp., 617 
Frelinghuysen Ave., Newark 5, N. J. 
Zenith Electric Co., 152 W. Walton, Chi- 

cago, Ill. 


REMOTE CONTROLS. 
ton Stations; Relays 
Switches. 


RESINS, INSULATING. 
Compounds & Resins. 


See Push But- 
and Contactors; 


See Varnishes, 


RESISTANCE ALLOYS 


Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, N. J. 

Driver-Harris Co., Harrison, N. J. 
“‘Chromax,”’ ‘‘Nichrome.’’ 

Hoskins Mfg. Co., Detroit 9, Mich. 
“‘Chromel.’’ 


RESISTANCE HEATING UNITS. See 
Heating Elements & Units. 


RESISTANCE LINE CORDS 


General Electric Co., Section W11-1122 
Construction Materials Dept., Bridge- 
port 2, Conn. 

Lewis Engineering Co., Wire Div., Nau. 

gatuck, Conn. 








RESISTANCE WIRE. 
sistance, 


RESISTORS, INSTRUMENT and 
RADIO 


Allen-Bradley Co., 1316 8. Second, Mil- 


waukee 4, Wis. 


Amperite Co., 561 Broadway, 
12 . ¥. (Bulb Type) 
Clarostat Mfg. Co., Inc., Dover, 
Newark 5, N. J, 
1036 Commerce, 


Co., 


Hardwick, Hindle, Inc., 


Instrument Kesistors, Inc. ° 


Union, N. Jd. 
International 


Resistance 


See Wire, 


Broad, Philadelphia 8, Pa. 


Mallory & Co., Inc., P. 


lis 6, Ind. 


Ohmite Mfg. Co., 4805 


cago 44, Ill. 


watt,” ‘*Determohn,’’ 
“*Multivolt,’’ 
Radio Corp. of America, 


geneoring Section 41-CR, 

Resistors, Inc., 2247 Indiana Ave., 
cago 16, Ill. 

Sprague Electric Co., North Adams, Mass. 
“Koolohm.’ 

Square D Co., 4041 N. 
waukee 12, Wis. 

Stackpole Carbon Co., 


Tuttle & Co., H. W., 
Ward 
Mount Vernon, N. 


Weston Electrical Instrument 
Newark 5, 


Frelinghuysen Ave., 


RESISTORS, POWER CIRCUIT 
1316 S. Second, 


Allen-Bradley Co., 
waukee 4, Wis. 
General Electric Co., 
Apparatus Dept., 
Hardwick, Hindle, Inc., 
Hartford Element Co., 
ford 5, Conn. 
Instrument Resistors, Inc., 
Union, J. 
International 


Resistance 


R., 


Flournoy, 
“Brown Devil,’’ 
rib,’’ “‘Dividohm,’’ “‘Riteohm,’’ ‘“‘Wire- 
“Little Devil,” 
*“Ohmite.”’ 

Commercial En- 


Richards, 


St. Marys, 
Adrian, 
Leonard Electric Co., 


Section 
Schenectady 5, N. 
Newark 5, N. 
Windsor 8t., 


1036 Commerce 


Co., 


Broad, Philadelphia 8, Pa. 


Mallory & Co., Inc., P. 


lis 6, Ind. 


Ohio Carbon — , 12509 Berea Rd., 


land 11. 


Ohmite hire’ Co., 4805 


R., 


Flournoy 


Resistors, Inc., 2247 Indiana 


cago 16, Ill. 
Rex Rheostat Co., 
win, N. Y. 


Sprague Electric Co., North Adams, 
“*Megomax.”’ 


‘Koolohm,’ 
Ward Leonard Electric 
Mount Vernon, N. Y. 


RHEOSTATS, INSTRUMENTS and 
RADIO 


Allen-Bradley Co., 1316 
waukee 4, Wis. 

Amperite Co., 
12, N. Y. 

Clarostat Mfg. Co., Inc., 


Hardwick Hindle, Inc., 


International Resistance Co., 
Broad, Philadelphia 8, Pa. 
Mallory & Co., Inc., P. R., 


lis 6, Ind. 

Ohmite Mfg. Co., 4805 
cago 44, Ill. 
Rex Rheostat Co., 
win, N. Y. 
Ward Leonard Electric 
Mount Vernon, N. Y. 


RHEOSTATS, POWER CIRCUIT 
1316 8S. Second, Mi) 


Allen-Bradley Co., 
waukee 4, Wis. 
Electrical 
Fourth, 
Control) 
General Electric Co., 
Apparatus Dept., 
Hardwick, Hindle, 
International Resistance 
Broad, Philadelphia 8, 
National Electric 
Ravenswood Ave., 
Ohmite Mfg. Co., 4805 
cago 44, Il. 
Rex Rheostat Co., 
win, = 


Racine, Wis. 


3 Foxhurst 


Ce., 


561 Broadway, 

(Bulb Type) 
Dover, N. 

erent Mfg. Co., Lake & 4th, 


Newark 5, N. J 
0 


Flournoy, 
3 Foxhurst Rd., 
Co., 


Manufecturing Co., 
(Foot & Knee 


Section » 
Schenectady 5, N. Y. 
Inc., Newark 5, 
Co., 


Controller 
Chicago 40, \ 
Flournoy, 


3 Foxhurst Rd., 


Ward’ Leonard Electric Co., 


Mount Vernon, N. Y. 


Westinghouse Elec. Corp., P. O. Box 868 


Pittsburgh 30, Pa. 


RINGS, COLLECTOR 
“— & Co., Inc., 


General Plate Div., 
Corp., 401 Forest, 
(Precious Metal) 

Makepeace, D. E., Co., 

Wesche Electric Co., 
Cincinnati 10, Ohio. 

Wilson Co., H. A., 
ark 5, N. J. 


Associated Spring Corp., 


Cleveland 2, O. 
Eaton Mfg. Co., 


0. 
Illinois Coil Spring Co., 
Ave., Chicago 39, Ill. 
National 


Waldes_ Kohinoor, Inc., 
Place, Dept. 
N. Y. ‘*Truarc.’ 


B. A., 


113 Astor, Newark 5. 
J. (Precious. Metal) 

Metals & Controls 
Attleboro, 


Tttleboro, Mass. 
1626-18 Vine, 
**Welco.’’ 
105 Chestnut, 
(Precious Metal) 


RINGS, RETAINER and SNAP 


Bristol, 
Cuyahoga Spring Co., 10270 Berea Ra.. 
“Snap Cl 
Reliance Div., | 


2100 N. 
Lock Washer Co., 


47-10 
EM-3, Long Island City 1, 


RIVET SETTING MACHINES 
Chicago Rivet & Machine Co., 





Jackson Blvd., Bellwood, 


Tl. 
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E-Z AUTOMATIC 
FOOT PEDAL WIRE STRIPPER 


WIRE STRIPPER 


Simple and efficient. As easy to operate 
as a pair of pliers. 


Always ready for use. Its triplicate action 
of clamping the wire, cutting the insula- 
tion and stripping is automatically timed 
and performed with one squeeze of the 
handles. When the pressure is released, 
the handles open. 







A sturdy, efficient machine for rapid 
production work. Designed to do quan- 
tity work on a quality basis on all types 
of insulated wire from 8 gauge to the 
very finest wire. 

Everything in sight. No motor required. 
This machine will instantly grip the wire, 
cut the insulation, strip it off and release 
the wire—all in ONE simple foot pedal 
movement. 


PYRAMID PRODUCTS COMPANY 











Will not crush stranded wire. 


For years, this hand stripper has given 
Satisfactory service to users. Repeat or- 
ders attest to its superiority. 





ARE YOU LOOKING FOR QUALITY 


IN FRACTIONAL HORSE POWER MOTORS, RATINGS:1/100 to 1/10h.p.? 








OFFERS POSSIBILITIES ESPECIALLY IN THE 
UNIVERSAL TYPES OPERATING ON AC-DC 
WITH OR WITHOUT GEAR UNITS. 





OUR ENGINEERS WILL BE GLAD TO HELP YOU eee 
WRITE: “RAE” MOTOR CORP., P. O. BOX 291, RACINE, WIS., U.S.A. 


MERCURY SWITCHES 


Custom Built 
or Standard 


You write the specifications or state 
the performance requirements. ALMO 
will produce the precise type of mer- 
cury switch you need... at the low- 
est possible cost! Whether you want 
a single switch for a prototype model 
or a thousand units “in a hurry,” it 
will pay to get our quotation. 








ALMO MANUFACTURING CO., 477 Washington St., Newark 5, N. J. : - 
SA A EET AAA ENCE EAR REIL ERO A EN NRE =) 
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YD fen cnc pert 


A foolproof, frictionless unit for uniform 
and continuous production. io springs, 
the Colonial strips clockwise or counter- 
clockwise. Double-edge floating blades 
give square and clean cuts. Dialed 
micrometer allows setting within 1/1000 
inch of wire gauge. 

















COLONIAL 
WIRE STRIPPER 















Precision plus! 


SEND FOR CIRCULARS 


Prove the merits of a Pyramid Wire Stripper 
in your own shop on your own work. Send 
s your wire samples and specifications so 


that we may accurately gauge your needs 


2224 SOUTH STATE STREET CHICAGO 16, ILL. before shipping machine and instruct 


ons 








POWER... 
1/2000 to 1/2 H.P. 


Custom-Engineered for 
Dependability . . . Mass- 
Produced for Economy 


EMC Motors are built by fractional 
horsepower specialists who know small 
motors and the products they can ef- 
fectively power. When you have an 
EMC “tailored” to your needs, their 
specialized knowledge becomes an 


~} asset to your own engineering depart- 


ment. Possible variations in housings, 
windings, bases and gear reducers 
make product redesign unnecessary. 
The motor you get is engineered to 
do the job and mass-produced to hold 
costs down to budget requirements. 
It will pay you to get the whole story 
by writing ... 


ELECTRIC MOTOR 


CORPORATION 
Division Howard 


* Industries, Inc. 
WY] RACINE © WISCONSIN 
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s »\s 
i GS or little! 


Send us your specifications for the coils 
































you need. We'll work out the design and 








build them. It’s as easy as that — getting 








top quality coils for your application, 








whether you want big, husky coils for 














heavy duty on a tough job or whether deli- 











cate, sensitive, miniature coils are needed 











for your purpose. 











We've been making coils using Wheeler 








wire for a long time. We have a staff of 








experienced engineers who know coils from 








design through application. The knowl- 
edge and talents of these men, plus the skill 




















of our coil builders, are at your disposal. 








If you have a coil problem, feel free to 
consult with us. We'll be glad to work 

















with you — to give you the solution, coil- 








wise, that will keep your product or process 











performing at peak efficiency. There’s no 











obligation for this Wheeler service. 























1204 EAST AURORA STREET 
WATERBURY 91, CONNECTICUT 


DIVISION OF THE SPERRY CORPORATION 
BALLASTS + MAGNET WIRE + COMMUNICATIONS EQUIPMENT » TRANSFORMERS 





























DEPENDABILITY 









































THE WHEELER INSULATED WIRE CO., inc. 


Milford Rivet & Machine on. 871 Bridge- 
port Ave., Milford, Conn. 





RIVETS. 


ROLLER BEARINGS. See Bearings, Ball 
and Roller, 


See Fasteners. 


ROTARY CONVERTERS. See Motors. 


RUBBER and RUBBER PRODUCTS 


American Hard Rubber Co., 11 Mercer, 
New York 13, N. Y. 

General Elec. Co., Chemical Dept. 1 
Plastics Ave., Pittsfield, Mass. 

Lord Mfg. Co., Erie, Pa. 


United States 


Rubber Co., 1230 Avenue 
of the Americas, N. Y. 


New York 20, 


SAWS, COMMUTATOR. 
tator Saws and Slotters. 


See Commu- 


SCREW DRIVERS, PORTABLE. See 
Tools, Portable. 
SCREW-DRIVING MACHINES 
Detroit Power Screwdriver Co. 2817 W. 
Fort, Detroit 16, Mich. 
| Keller Tool Co., Grand Haven, Mich, 
(Pneumatic. ) 
SCREW MACHINE PRODUCTS (See 
also Fibre; Plastics.) 
Allmetal Screw eee Ce. Inc., 338 
Greene, New York 13, 
Blake & Johnson C., 1495 , Ave., 
| Waterville 48, Conn, 
| Linden & Co., Inc., 70 Baker, Provi- 
dence, RK. I. 


| Milford Rivet & Machine Co., 871 Bridge- 


| Felt Products Mfg. 
| Garlock Packing 


port Ave., Milford, Conn. 

National Acme Co., 176 E. 13l1st, Cleve- 
land 8, O. 

Peck Spring Co., 20 Grove Ave, Plain- 
ville, Conn, 

Penn Ri-Vit & Mch. Co., 254 Hunting- 


ton, Philadelphia 33, Pa. 


SCREWS. See Fasteners. 


SEALING COMPOUNDS. See cements, 
Insulating & Sealing; Waxes and Com- 
pounds. 


SEALS and TERMINALS, HER- 
METIC. 
Stupakoff Ceramie Mfg. Co., Latrobe, Pa. 


SEALS, OIL and GREASE 


Chicago Rawhide Mfg. Co., 1267 Elston 
Ave., Chicago 22, Ill. 
Co., 1536 Carrell Ave., 


Co., a. ¥. 
“*Klosure.’ 


Gits Bros. Mfg. Co., 1840 8S. Kilbourn 
Ave., Chicago 23, Til. 


Chicago 7, Ill 
Palmyra, 


SELENIUM RECTIFIERS. See Recti- 
fiers, Dry Metallic. 

SHAFTING, FLEXIBLE. See Flexible 
Shafting. 

SHEETS, ELECTRICAL. See 8Steel, 
Electrical. 

SHUNTS, INSTRUMENT. See Instru- 
ments and Accessories. 

SIGNAL DEVICES 

Signal Engineering & Mfg. Co., 154 W. 
14, New York 11, N. Y. 

| SIGNAL LIGHT ASSEMBLIES. 


See Lights, Pilot and Indicator. 


SILK, VARNISHED. 
Insulating. 


See Fabrics, 


SILVER and SILVER ALLOYS (See 
also Contacts and Contact Potnts) 
(For Solder, see Brazing Alloys, Silver) 

ae & Co., Inc., 113 Astor, Newark 5 


Brainin Co., C. S., 233 Spring, New 
York 13, N. Y. 

Fansteel ' een Corp., North Chi- 
cago, 

General Plate Div., Metals and Controls 
Corp., 403 Forest, Attleboro, Mass 
ae & Harman, 92 Fulton, New York 
Makepeace, D. E., Co., Attleboro, Mass. 
—s <4 Co., Inc., P. R., Indianapo- 

| s 6, Ind 
Secon Metals Corp., 228 E. 45th, New 
York 17, N. Y. 





| Johns-Manville Corp., 22 = 40, 
| Mitchel-Rand ‘Insulation 


| SLOT INSULATION. 


SLEEVE BEARINGS. See Bearings and 
Bushings. 


SLEEVING and TAPE, ASBESTOS 


Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, IIL. 


New 
Quinterra.”” 
Co., Tee.. Dept. 
D-5, 51 Murray, New York 7, N. Y. 


SLEEVING, SATURATED. See Tubing 
& Sleeving, Braided Fabric. 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co., Hoboken, 


See Fabrics, 
Paper, Insulating, 
Braided Fabric. 


York 16, N. Y. 


Insulating; 
Tubing & Sleeving, 


SLOTTERS, MICA. 
Saws and Slotters. 


Mica; 


See Commutator 








SOCKETS and ADAPTERS, 
See Plugs and Receptacles. 


SOCKETS and RECEPTACLES, 
INCANDESCENT LAMP 


Arrow-Hart & Hegeman Electric Co., 
103 Hawthorne, Hartford, Conn. 


RADIO. 


Dial Light Co., 900 Broadway, New 
York 3, N. Y. 

Drake Mfg. Co., 1711 W. Hubbard, 
Chicago 22, Ill. (Pilot) 


General Electric Co., Section W11-1122, 


Construction Materials Dept., Bridge- 
port 2, Conn. 

Kirkland Co., H. R., 810 King, Morris- 
town, 

McGill Mfg. “Co., Inc., Valparaiso, Ind, 
‘*Levolier.’ 


Mines Equipment Co., 4223 Clayton Ave., 
St. Louis 10, Mo. 
Boston, Mass. 


. Frank Mes 
Union Insulating Co., Parkersburg, W. Va. 


SOCKETS, FLUORESCENT. 
rescent Lamp Auxiliaries. 


SOCKET SCREW KEYS and 
WRENCHES 


Allen Mfg. Co., Hartford 2, Conn. 
Bristol Co., The, Waterbury 91, Conn. 
Standard Pressed Steel Co., Box 504, 
Jenkintown, Pa. ‘‘Hallowell.”’ 


SOCKET SCREWS. 


SOLDERING IRONS 
American Electrical Heater Co., Detroit 


See Fluo- 


See Fasteners 


2, Michigan 
General Electric Co., Section mr 67, 
Apoeretng Dept., Schenectady 5, N. Y. 
al 


Hexacon Electrie Co., 


177 W. Clay Ave., 
Roselle Park, N. 


Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Ill. ‘“‘Thermo-Grip” Grip 
Tools. 

Stanley Tools, New Britain, Conn. 

Transvision, Inc., Dept. EM, 460 North 
Ave., New Kochelle, N. Y. 

Ungar Electric Tools, Inc., 615 Ducom- 


mun St., Los Angeles 12, 
Vulean Electric Co., Danvers 2, Mass. 
“Vulcan,” “Pygmy,” ‘‘Counterpoised.” 


SOLDERLESS CONNECTORS. See Con- 
nectors, Wire & Cable. 


SOLDER, SELF-FLUXING 
(For Silver Solders, See Brazing AHoys) 
Federated Metals Div., American Smelting 
& Refining Co., Whiting, Ind. ‘‘Gaer- 


diner.”’ 
Kester Solder Co., 4201 Wrightwood Ave., 
“*Acid-Core,”’ ‘‘Rosin- 


Chicago 39, Ill. 
sapeins Specialties, D, Summit, 


Calif. 


Core.”’ 
Dept. 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquid, Salts, 


ete.) 
— Battery & Mfg. 


Co., North East 


Chase Brass e. Copper Co., Inc., Water- 
bury 91, 

du Pont de "Wemeure, Inc., E. I., Wil- 

American Smelting 


mington, Del. 
Federated Metals Div., 

& Refining Co., Whiting, Ind. 
Heoty & Harmon, 82 Fulton, New York 7, 
Kester Solder Co,, 4201 Wrightwood Ave., 


Chicago 39, Ill. 
McGill Mfg. Co., Inc., Elec. Div., 250 
N. Campbell, Valpariso, Ind. 


Ge fi. Co., 12508 Berea Rd., Cleve- 
an 
—e Specialties, D, Summit, 
J 
Westinghouse Elec. Corp., P. O. Box 868, 
Pittsburgh 30, Pa. 


SOLENOIDS 


Automatic Electric Sales Co., 1033 W. 
Van Buren, Chicago 7, Ill. 

Cannon Elec. Dev. Co., Dept. B-118, 3209 
Humboldt, Los Angeles 31, Cal. 

Comar Elec. Co., 3148 N: Washtenaw Ave., 


Chicago 18, Til. 
Davis & Co., Dean W., 1006 First, 
Electric Auto-Lite Co., Toledo 1, Ohio. 


Dept. 


Kentland, Ind. 


General Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. Y. 

Guardian Electric, 1627-C W. Walnut 
St., Chicago 12, Ill. 

Leland, G. H., Inc., 111 Webster, Day- 

National Acme Co., ‘176 E. 131st, Cleve- 
land 8, O. ‘“‘Namco.’ 

R-B-M Div., Essex Wire, Dept. L-8, 
Logansport, Ind. 

Soreng Mfg. Corp., 1901 Clybourn Ave., 
Chicago 14, Ml. 

Struthers- Dunn, Inc., 150 N. 18th, Phile- 
delphia 7, Pa. 
ton 2. O. 


West Coast Elec. Mfg. Co., 10006 8 
Main, Los Angeles 3, Cal. 

Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 30, Pa. 


SPEED INDICATORS. See Tachometers. 


SPEED REDUCERS 
For Motorized Units, See Motors. 
937A 8. 70, 


Allis-Chalmers Mfg. Co., 
Milwaukee 1, Wis 

Janette Mfg. Co., 556 W. Monroe, Chi- 
cago 6, Ill, 


SPLICING GUM and TAPE. See Tape, 
Friction and Splice. 


SPOOLS, WIRE 
Acrometals, Inc., 606 N. Sth, Minneapolis, 


Minn. 
The Cleveland Welding Co., W. 117 Beres 
Rd., Cleveland 7, 


ELECTRICAL MANUFACTURING 























THE ricHt BALL 


Let Strom Help You 


Not only in precision ball bearings, 
but in countless other places, Strom 
has found that the right ball will 
do the iob better. Maybe your 
problem can be solved with the 
use of the proper ball. Why not 
take it up with Strom. 

Strom has been making precision 
metal balls for over 25 years for 
all industry and can be a big help 
to you in selecting the right ball 
for any of your requirements. 
In size and spherical accuracy, - 
perfection of surface, unitormity, 
and dependable physical quality, 
there’s not a better ball made. 




























IF YOU NEED 


iis TIME DELAY— 


ELECTRICAL FITTINGS 


A dependable source of supply for 
Electrical Terminals, Lugs, Fuse 
Clips, ete. Write today for cata- 
log bulletins, or ask for quotation 
on your requirements. 





H. B. SHERMAN MPG. CO. 
BATTLE CREEK, MICHIGAN 





McMillan SHADED POLE 


CSE LES 00 x AGASTAT 


Made in two types for direct current operation, and two 
4 POLE — 44s — “400 H. P. corresponding ia for alternating seuss operation: — 

Built with the greatest 1. Time delay starts when coil is energized. 

precision and designed 2. Time delay starts when coil is de-energized. 

to give years of quiet, Time delay from .1 second to 5 or more minutes. Complete data from 


efficient service. MS scenic A’G’ A 
VT HI CLTGHRCR ERT Cras | AMERICAN GAS ACCUMULATOR COMPANY 


od elena: 2 Aa a ee ne 1027 NEWARK AVENUE e ELIZABETH 3, NEW JERSEY 
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Square ¢ Rectangular ¢ Triangular 
Round and Half-Round 


With a wide range of stock arbors . .. 
plus the specialized ability to engineer 
special tubes .. . PARAMOUNT can 
produce the exact shape and size you 
need for coil forms or other uses. 
Hi-Dielectric, Hi-Strength. Kraft, Fish 
Paper, Red Rope, or any combination, 
wound on automatic machines. Toler- 
afices plus or minus .002”. Made to 
specifications or engineered for you. 


INSIDE PERIMETERS FROM .592” TO 19.0" 


PARAMOUNT PAPER TUBE CORP. 
612 Lafayette St., Fort Wayne 2, Ind. 
Manufacturers of Paper Tubing for the Electrical Industry 


Ya 
A 


@ R-B-M announces a new line 
of general purpose magnetic 
relays with either A.C. or D.C. 
shunt coils or series coils for electronic applications. 

Relays are available in standard contact arrangement of single 
and two pole normally open, normally closed; or double throw with 
light and heavy contacts. Four and six pole double throw'relays 
are available with 3 ampere contacts at 32 volts or less. 


For further information write for Bulletin 570. R-B-M DIVISION, 
Essex Wire Corporation, Logansport, Ind. Address Dept. L-4 


MAGNETIC ELECTRI 
MMUNICATION AND ELECTRONIC USE 


ONTROLS 


SPRINGS, COIL and FLAT 


Accurate Or Mfg. Co., 3817 W. Lake, 
Chicago 2 

Ace Spring Mfg. Co., 77 W. Houston, 
New York 12, N. Y. 

American Steel & Wire Co., Cleveland 18, 
0. “US8S.’ 


Associated Spring Corp., Bristol, Conn. 

Barnes Co., Wallace (Div. Associated 
Spring Corp.), Bristol, Conn. 

Barnes-Gibson-Raymond, Div. Associated 
Spring Co., Detroit 11, Mich. 

Cuyahoga Spring Co., 10270 Berea Road, 
Cleveland, O. 

Dunbar Bros. Co., Div. Associated Spring 
Corp., Bristol, Conn. 

Gibson Co., William D. (Div. Associated 

Corp.) 1800 Clybourn Ave., Chi 


Gibson Electric Co., 8349 Frankstown 
Ave., Pittsburgh 21, Pa. (Beryllium 
Copper.) 

Hubbard Spring Co., M. D., 525 Centra! 
Ave., Pontiac 12, Mich. 

Illinois Coil Spring Co., 2100 N. Major 
Ave., Chicago 39, Ill. 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chicago 47, TIL 

Ohio Div., Associated Spring Corp., Day 


ton, O. 

Peck Spring Co., 20 Grove Ave., Plain- 
ville, Conn. 

Raymond Mfg. Co., Div. Associated Spring 
Corp., Corry, Pa. 

v. 8. Steel Wire Spring Co., 7800 Fin- 
ney Ave., Cleveland 5, O. 


STAINLESS STEEL. See Steel, Com- 
mercial Forms and Grades. 


STAMPINGS, METAL 


Accurate Spring Mfg. Co., 3817 W. Lake. 
Chicago 24, Ill. 

Ace Spring Mfg. Co., 76 W. Houston. 
New York 12, N. ¥. 

sigpeee Goods Mfg. Co., Manitowoc, 

sc 

American Brass Co., Waterbury 88, Conn. 

Barnes Co., Wallace (Div. Associated 
Spring Corp.), Bristol, 

Barnes-Gibson- Raymond, Detroit 11, Mich. 

Chase mg Agee Co., Inc., Water- 


bury 91, i 

Dayton Rogers ae. Co., 28385 8. 128th 
Ave., Minneapolis 7, Minn 

Dunbar Bros Co. (Div. Associated Spring 
Corp.), Bristol, Conn. 

Electric ‘Auto-Lite Co., Toledo 1, O. 

Federal Tool & Mfg. Co., 3609 Alabama 
Ave., Minneapolis “is. Minn. 

Gibson Co., —— D. (Div. Associated 
Sates >), 1800 Clybourn Ave., 
Chicago 4, 

Heyman Mfg. Ca., Kenilworth, 


N. J. 
Hubbard Spring Co., M. D., 525 Central 
Ave., Pontiac 12, Mich. 
2100 N. Major 


Illinois Coil Spring Co., 
Ave., Chicago 39, I1.1 

Linden & Co., Inc., 70 Baker, Providence, 

Ohio os.. Associated Spring Corp., Day 
ton, " 

San Oo, 17 Virginia Ave., 

Co. (Div. Associated Spring 

Corry, Pa. 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 117, N. Y. 

Shakeproof, Inc., 2501 Keeler Ave., Chi 
cago 39, Ill. 

Sherman Lamination Co., 10 Thompson. 
Stratford, Conn. 

United-Carr Fastener Corp., Cambridge 42. 
Mass. 

Worcester Pressed Steel Co., 602 Barber 
Ave., Worcester 6, Mass. ‘‘Presteel’ 

Wrought Washer Mfg. Co., 2200 8S. Bay. 
Milwaukee 7, Wisc. 


STAMPINGS, NON,METALLIC 


faer Co N. S., Montgomery, Hillside, 
N. J. (Fibre) 

Federal Tool & Mfg. Co., 3608 Alabama 
Ave., Minneapolis 16, Minn 


Richardson Co., Lockland, Cincinnati 15. 
Taylor Fibre Co., Norristown, Pa. 


STARTERS, FLUORESCENT. See 
Fluorescent Lamp Auxiliaries. 


STARTERS, MOTOR. See Controllers, 
Motor; Push Button Stations. 


STEATITE. See Ceramics. 


STEEL—Commercial Forms and Grades. 


Alloy 

Bars 

Carbon 

Coated 

Sheets and Strips 
Enameling 
Stainless 

Cold Rolled Only 
Tubing 


(See also Steel, Electrical, also Wire, 
Steel.) 


American Steel & Wire Co., 614 Superior, 
Cleveland 13, O. (SN) 

American Nickeloid Co., Peru 3, Ill. 
(DS) (Nickeloid) (Preplated) 

Barnes Co., Wallace (Div. Associated 
Spring Corp.), Bristol, Conn. (S8-CO) 
(Spring) 

Carnegie-Illinois Steel Corp., Carnegie 
Bidg., Pittsburgh 30, Pa. ‘“‘USS.”’ 
*“Vitrenamel’”’ (B-AC) (S-ACDEN) 
(T-ACN) 

Eaton Mfg. Co., Reliance Div., Massilon, 
Oo 


Follansbee Steel Corp., Pittsburgh 80, Pa. 
(S-CO) (Clad) 

mesties s Sons Co., John A., Trenton 2, 

Ryerson & , Joseph T., Chicago, 

Mil. (ABCENST) 


Superior Steel Corp., Carnegie, Pa. 
(ANS) (Spring) (Clad). ‘‘SuVeneer.” 
Timken Roller Bearing Co., Steel & Tube 
Div., Canton 6, 0. (B-AN) (T-AC) 
Worcester Pressed Steel Co., 802 Barber 
Ave., Worcester 6, Mass. ‘‘Presteel"’ 

(S8-ACO) 


STEEL, ELECTRICAL (Silicon) 
Sheets and Strips. 


Carnegie-Illinois Steel Corp., Carnegie 
Bidg., Pittsburgh 30, Pa. “USS 

Follansbee Steel Corp., Pittsburgh 30, Pa. 

— & Bon, Inc., Joseph T., Chicago, 


STENCIL MACHINES 


Marsh Stencil Machine Co., 45 Marsh st.. 
Belleville, Ll. 


STRAIN RELIEFS. See Grips and 
Clamps, Strain Relief. 


STRIPPERS, WIRE 


Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, IIl. 

Pyramid Products Co, 2224 8S. State, 
Chicago 16, Ill. ‘Colonial.’ 

Wire Stripper Co., 1729 Eastham Ave., 
East Cleveland, 0. ‘‘Speedcraft.’’ 


STRIPPING COMPOUNDS. See Clean- 
ing Compounds, Metal. 


STRIPS, BLOCKS and BOARDS, 
TERMINAL 


Aireraft-Marine Products, Inc., 1504 N 
Fourth, Harrisburg, Pa. ‘‘A-MP 

Baer Co., N. &., Montgomery, Hillsick 
N. J 

Buchanan Electrical Prods. Corp., 1290 
Central Ave., Hillside, N. J. 

Burke Electric Co., 393 W. 12th, Erie 


Pa. 7 
Burndy Engineering Co., New York 54 
N.Y 


is, es 

Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, Mass. 

Chase Brass & Copper Co., Inc., Water- 
bury 91, Conn. 

Curtis Development & Mfg. Co., 19 N 
Crawford jeago 24, Ill. 

Federal Telephone and Radio Corp., Dept 
E-216, 100 Kingsland Rd., Clifton, N. J. 

Hart Mfg. Co., 211 Bartholomew Ave.. 
Hartford 1, Conn. ‘“‘Diamond H.’’ 

Howard B. Jones Div., Cinch ete. Corp. 
2460 W. George, Chicago 18, Ii. 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) 

Limit (Snap- Action) 
Magnetic 

Mercury 

Pressure (Diaphragm) 
Thermal 

Time 

Transfer 

Vacuum 

cameos and Fixture 


‘oot 
Heater (Series Multiple) 
Jack, Key and Lever 
Panel 
Push Button Snap 
(Toggle Slide, Rotary) 
Remote Control 
Selector (Kotary Tap) 
Through-Cord Snap 
Centrifugal 


(See also Circuit Breakers, Push But- 
ton Stations; Controllers, Motor; RBe- 
lays; Timers.) 


Allen-Bradley Co., 1316 8. Second, Mi) 
waukee 4, Wis. (ACEFJPR) 

Allis-Chalmers Mfg. Co., 937A 8S. 170. 
Milwaukee 1, Wis. (RS) 

Allied Control Co., Inc., Dept. A, 2 East 
End Ave., New York 21, N. Y¥. (CD 
GHR) 

Almo Mfg. Co., 477 Washington, Neward 
5, N. J. (D) 


Arrow-Hart & Hegeman Electric Co. 
Hartford 1, Conn. (ACDHKMPRT) 
Automatic Electric Mfg. Co., 60 State. 

Mankato, Minn. (GR) 

Automatic Electric Sales Co., 1033 W 
Van Buren, Chicago 7, Ill. 

Automatic Switch Co., 393 Lakeside Ave. 
Orange, N. J. (CHR) 

Brown Instrument Co., 4466 Wayne Ave., 
Philadelphia 44, Pa. (D) 

Clare & Co., C. P., 4719 W. Sunnyside 
Ave., Chicago 30, Ill. (N) 

Comar Electric Co., 3148 N. Washtenaw 
Ave., Chicago 18, Ill. 

Durakool, Inc., 1010 N. Main, Dept. 00. 
Elkhart, Ind. or 

Edison, Thomas A., Instrument Div 

289 Lakeside ken mWest Orange, N. J 
(FG) 

Electro Switch Corp., 193 Broad, Wey 
mouth 88, Mass. (HOS) 

Federal Telephone and Radio Corp., = 
E-216, 100 Kingsland Rd., Clifton. 
N. J. (NS) 

Fenwal, Inc., 51 Pleasant, Ashland, Mase. 
““Thermoswitch’’ (F) 

hs Electric Co., 300 McKee, Batavis. 


IL 
General Controls, 801 Allen Ave., Gilen- 


dale 1, Cal. (G) 
General Electric Co., Section > 61, 
Apparatus Dept., Schenectady 5 Y. 


**Switchette.”’ *(ABCDEFGHJKMNOPB- 


Guardian Electric, 1627-C W. Walnut 
St., Chicago 12, Ill. (CFGHN) 

Hart Mfg. Co., 211 Bartholomew Ave. 
iegitere 1, Conn. (FLMPS) “Diamond 


Heineman Electric Co., 99 Plum, Trentos, 
N. J. ‘‘Heco.”’ (0) 
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wt it KENYON @ sé 


\ 
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Eee ‘el ¥ 

KENYO one of the oldest names in pe 
transformers, offers high HX re t 


quality specification transformers cus- 
tom-built to your requirements. For 
over 20 years the KENYON “K”’ has 
been a sign of skillful engineering, . oa like HOOVER HONED RACEWAYS 


progressive design and construction. 


KENYON now serves many leading 


companies including Times 
Facsimile Corporation, Schulmerich 
Electronics, Sperry Gyroscope Co., Inc., The photographs reproduced at 
Western Electric Co., General Electric Fae the right are magnified one hun- 
Co. Yes, electronification of modern dred times, so that you can see 
industrial machinery and methods has the difference between ground, 
been achieved by KENYON’S engi- “- polished and honed raceways. 
neered, efficient and conservatively The process and the special ma- 
rated transformers. Po chines for the honing operation, 
are exclusive, patented, Hoover 
developments. Hoover honing 








For control purposes, for rectifiers, for 
voltage changing, for line isolation, as 





built-in components, specify KENYON! TAP ~— far beyond grinding and 
ene ete . polishing to produce a surface 
Your inquiries invited. that represents the closest ap- 
Write today for information. proach to absolute perfection ob- | 
tainable on a commercial basis. — Ground Raceway Surface 
y Ss (Photographed at 100 
: eee2eeee oy. 3 Magnifications) 

IL Na oR ; 

| . | ; Ee ie 

PUR USM 22 errs : ; 





PROFIT FROM SPEEDCRAFT 
EXPERIENCE 


For over 21 Years SPEED- 
CRAFT WIRE STRIPPERS 
have been pioneering new 
improvements and new 




















techniques in Wire Strip- 
ping operations. If you 
have a wire stripping 
problem or want to check ‘ Polished Raceway Surface 
up on latest wire strip- = (Photographed at 100 
ping methods it will pay HONED RACEWAY FEATURES } Magnifications) 
you to consult us. : 
SPEEDCRAFT IS SUPERI- Summed up Hoover honing provides ~~ 
er ae EVERY COMPAR- the following soon haces 
1. Extreme quietness. 
Write for complete information — sending wire samples — no obligation. 2. Increased load capacity. 
3. Extended life. 
WIRE STRIPPER co 1729 EASTHAM AVE. 4. Reduced end play (axial 
°e E. CLEVELAND, OHIO displacement). 
5. Reduced radial displace- 
OC ee O._._.—COv—loOMOOmnu" ment. 
i 6. Permanence of fit up. 
FOLDING DOUBLE G0 aa) WASHER aes a iosovennd resistance to 
ae oar rinneling. 
A SIZE and TYPE for every need! 8. Uniformity of fit up. 
9. Freedom from vibration, 
10. Perfection of dynamic 
alance. 
| 
HOOVER Honed Raceway Surface 
(Photographed at 100 
Magnifications) 
AMERICA’S ONLY BALL BEARING 
A request on your Letter- 
bead will bring a copy of the 
WITH HONED RACEWAYS Hoover Engineering Manual. 


1 {@:Stb ch Sa ae Gib boats: ee | HOOVER BALL AND BEARING CO. 
i WALSH BUILDING CINCINNATI 2, OHIO | ANN ARBOR, MICHIGAN 
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Anti- Corrosive 


STAINLESS STEEL FASTENINGS 


DO THE JOB Better 


Discover Why Stainless Fastenings 
Are a Must in Electrical 
Manufacturing! 


Every day stainless plays a more important part 
in electrical equipment manufacturing. Chosen 
for non-magnetic qualities, resistance to cor- 
rosion and vibration, permanence and fine 
appearance, or any one of a dozen other prop- 
erties, stainless fastenings provide greater effi- 
ciency and a longer life, plus a sizable saving 
in maintenance and re-use quality. Specify 
stainless fastenings today, since you're sure to 


use them tomorrow! 


7,000 Varieties of Stainless 
Fastenings On Hand — Plus Speed 
in Special Orders! 


Anti-Corrosive, America’s oldest and largest 
supplier dealing exclusively in stainless fasten- 
ings, carries this tremendous stock for your 
convenience . . « plus a special order service 
available for occasional odd sizes. Try A-C first 
for the most efficient answer to fastening prob- 


lems in electrical manufacturing! 


Ask Your Secretary to Write for Folder 
M-49 for the Latest Information on 
Stainless Fastenings ... TODAY! 











Ideal Industries, Inc., 
Sycamore, Ill. ( 

Leland, G. H., Ine., 
ton 2, O. 


1008 Park Ave.. 
111 Webster, Day 


Lewis Engineering, Naugatuck, Conn. (8) 
Landis & Gyr, ne. 106 Fifth Ave., New 


York 11, N. Y. ( 
Ravenswood Ave.. 
Chicago 40, Ill. 


Littelfuse, Inc., 4761 

Mallory & Co., Inc., P. R., Indianapolis 

Master ‘Electric Co., D 
aster Electric Co., Dayton 1, O. (C) 

McGill Mfg. Co., Inc., Electrical Div.., 
250 No. Campbell, Valparaiso, Ind 
“*Levolier,”’ Twi: Lite.” (KP) 

Mercoid Corp., 4227 W. Belmont Ave., 
Chicago 41, Ill. (ABCDEF) 

Micro-Switch Div., First Industrial Corp.. 
Freeport, Ill. (BF'LS) 

Mines Equipment Co., 4228 Clayton Ave., 
St. Louis 10, +" (waterproof) 

Morse Co., Frank W., 1800 Soldiers Field 
Rd., Boston 85, Mass. (KOP) 

National Acme .. 170 E. 18ist, Cleve 
land 8, O. ‘“‘Namee.”’ (BP) 
Ohmite Mfg. Co., 4805 Flournoy, 

44, Ill (8) 
Powrex Switch Co., P. O. Box 206, Water- 
town 72, Mass. (D) 
R-B-M Division, Essex Wire Corp., Dept 
L-3, Logansport, Ind. 
Robertshaw- — Controls Co., Youngs 


1901 Clybourn Ave.. 


Spencer Thermostat Co., Div. of Metals & 
Controls Corp., 103 Forest, Attle 
boro, Mass. ‘“Klixon.”” (EF) 

Square D Co., 4041 N. Richards, Mil 
waukee 12, Wis. (ABCEFLOPR) 

—- Carbon Co., St. Marys, Pa. (P- 

e 

Struthers-Dunn, Inc., 150 N. 13th, Phila- 
delphia 7, Pa. 

80 Union St., Ashland, 


Telechron, Inc., 
Mass. (G) 
Unimax Switch Div., W. L. Maxson Corp.. 
460 W. 34th, New York 1. N. Y. (B) 
Walser Automatic Timer Corp., o Lex: 
ington Ave., New York 17, N. (G) 
Ward Leonard Electric Co., * “South, 
Mount Vernon, N. Y. (CFGHOPR) 
Westinghouse Electric Corp., P. O. Box 
(ABCDFGH.- 


866, Pittsburgh 30, Pa. 

OPRS) 

Zenith Electrie Co.. 152 W. Walton, Chi- 
cago 10, Ill, (HR) 


Chicago 


Chicago 14, Ill. 


TACHOMETERS 


Bristol Company, 153 Bristol Rd., Water- 
bury 91, Conn. 

Flectrie Anto-Lite Co., Toledo 1, O. 

General Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. Y. 

Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Ill. 

Reliance Electric & Engineering Co., 1054 
Ivanhoe Road, Cleveland 10, O. 
Veeder-Root, Inc., 
Weston Electrical 
Frelinghuysen Ave., 


Hartford 2, Conn. 
Instrument Corp., 617 
Newark 5, N. J. 


TAGS, TERMINAL 
— Band & Tag Co., 


Dept. 9-897, 


TAPE, ADHESIVE and COIL 
FASTENING 


Armstrong Cork Co., 9503 Arch, Lan- 
caster, Pa. 


Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicaco 6, Ill. 

Minnesota es & Mfg. :. St. Paul 6, 
Minn. ‘‘Scotch. 

Mitchell-Rand Insulation Co., Inc., 51 
Murray, New York 7, N. Y. 


ELECTRICALLY CONDUCTIVE 


TAPE, 
Electrically Conductive. 


See Fabrics, 


TAPE, INSULATING. See Fabrics, In- 
sulating; Sleeving and Tape, Asbestos; 
Tape, Friction and Splice; Tape & 
Sheeting. 


TAPE, FRICTION and SPLICE 


General Electric Co., Section W11-1122, 
Construction Materials Dept., Bridge- 


port 2, Conn. 

Okonite Co., Wilkes-Barre, Pa. (Panther 
& Dragon Tapes) 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, lll. 

Irvington Varnish & Insulator Co., Irving- 
ton 11, N. J. 

Johns-Manville Corp., 22 E. 40, New York 


16, N. Y. 
Minnesota Mining & Mfg. Co., 900 Fau- 
quier Ave., St. Paul 6, Minn. 
Mitchell-Rand Insulation Co., Inc., 51 
Murray, New York 7, 
United States Rubber Co. " 1230 Ageune of 
the Americas, New York 20, N. Y 


TAPE, MICA. See Mica. 


TAPE and SHEETING, SYNTHETIC 
RESIN 


Irvington Varnish & Insulator Co., Irv- 
ington 11, N. J. ‘‘Fibron.’ 
New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, mi as 


“*Vartex.”’ 


TAPE and WIRE, MAGNETIC 
RECORDING. See Magnetic Recording 
Tape. 

TAPES, MEASURING 

Keuffel & Esser Co., Hoboken, N. J. 


TEMPERATURE CONTROLS. See 
Switches; Thermostats 


TERMINAL BLOCKS. See Strips. 


TERMINALS. See Lugs and Terminals, 


TESTING EQUIPMENT, PHYSICAL 


W. C. Dillon & Co., 5401L W. Harrison, 
Chicago 44, Ill. 


TESTING INSTRUMENTS. See Instry- 
ments. 


THERMAL SWITCHES. See Switches. 


THERMOCOUPLES 


Bristol Co., The, Waterbury 91, Conn, 

Brown Instrument Co., 4466 Wayne Ave,, 
Philadelphia 44, Pa. 

General Electric Co., Section E668- a, 
Apparatus Dept., Schenectady 5, N. 

Hoskins Mfg. Co., Detroit 8, Mich. 

Lewis Engineering Co., Naugatuck, Cona, 

Littelfuse, Inc., 4761 Ravenswood Ave., 


Chicago 40, Ill. 

Rockbestos Products Corp., 851 Nicoll, 
New Haven 4, Conn. 

Westinghouse Electric Corp., P. O. Baz 
868, Pittsburgh 30, Pa. 


THERMOMETERS 

Bristol Co., The, Waterbury 91, 

Dillon, W. E., & Co., 5410 W. 
Chicago 44, Ill. 

Edison, Inc., Thos. A., Instrument Dty,, 
289 Lakeside Ave., W. Orange, N. J. 

Electric Auto-Lite Co., Toledo 1, O. 

Weston Electrical Instrument Corp., 617 
Frelinghuysen Ave., Newark 5, N. J, 
‘*‘Max-Min.”’ 


THERMOPLASTIC WIRE. See Wire ane 
Cable, Insulated. 


THERMOSTATIC BIMETALS 
Baker & Co., Inc., 113 Astor, Newark 5, 


N. J. 
— C. 8., 233 Spring, New York 
Chace Co., W. M., 1608 Beard Ave. 
Detroit 9, Mich. 
Metals and Controls 


General Plate Div., 
Corp., 403 Forest, Attleboro, Mass. 


‘*Trufiex.’’ 
Makepeace, D. E., Co., Attleboro, Mass. 
Wilson Co., H. A., 105 Chestnut, Newark 


5, N. J. ‘*Wilco.”’ 


THERMOSTATS 


Barber-Colman Co., Rockford, Ill. 
Bristol Company, 158 Bristol Rd., Water- 
bury 91, nn. 
Curtis Development & Mfg. Co., 19 N. 
Crawford, Chicago 24, Ill. 
Instrument Div., 
Orange, Z 


Edison, Inc., Thos. A. 
289 Lakeside Ave., W. 

Fenwal, Inc., 51 Pleasant, Ashland, Mass. 

General Controls, 801 Allen Ave., Glen- 
dale 1, Cal. 

General Electric Co., Section Edé68-67, 
Apparatus Dept., Schenectady 5, N. Y. 

Hart Mfg. Co., 211 \sartholomew Ave., 
Hartford 1, Conn. ne H.” 

Master Electric Co., Dayton oO. 

Mechanical Industries Prod. Ga., 217 Ash, 
Akron 3, O. 

Mercoid Corp., 4227 W. Belmont Ave., 
Chicago 41, Ill. ‘‘Sensatherm.”’ 

Robertshaw-Fulton Controls Co., 


wood, Pa. 
Spencer Thermostat Div. Metals & Controls 
Corp., 103 Forest, Attleboro, Mass. 


Conn, 
Harrison, 


Young 


“*Klixon.”’ 


Stevens Mfg. Co., Richland Trust Bldg., 
Mansfield, 


Westinghouse Electric Corp., P. 0. Ba 
868, neoittsburgh 30, Pa. 


TIMERS, MOTOR 
Alen Beotiey fe 1316 8. Second, Mil- 
waukee 4, @ 


— —_— Mfg. Co., 
ai nn 

ne Signal Corp., 202—20th, Moline, 
General Electric Co., Section E668-67, 


Apparatus Dept., Schenectady 5, 
Hansen —< ,Co., Inc., Princeton 3, Ind. 


“*Synchron. 
Haydon Co., A. W., Waterbury 32, Cona. 
W. Belmont Ave., 


Mercoid Corp., 4297 

Chicago 41, II. 

Potter & Brumfield Sales Co., 549 W. 
Washington Blvd., Chicago 6, Ill. 

Sangamo Electric Co., Springfield, Ill. 

Square D Co., 4041 N. Richards, Mil- 
waukee 12, ‘is 

Struthers-Dunn, , 150 N. 18th, Phils- 
delphia 7, * 

Telechron, Inc., Ashland, 


Mass. 


30 Union St., 
Ward Leonard Elec. Co., 34 South, Mt. 
Vernon, N 


.. ae 
Westinghouse Electric Soro. P. 0. Ba 
868, Pittsburgh 30, Pa. 
Zenith Electric Co., 152 W. Walton, Chi- 
cago, Ill. 


TIME SWITCHES. See Switches. 


TOOLS, PORTABLE 
Keller Tool Co., Grand Haven, Mich. 


(Pneumatic.) 
Loyd Scruggs Co., 1022 N. Sixth, St. 
Lou 
New Bri- 


is 1, Mo. 
Stanley Elec. Tools, 502 Myrtle, 
tain, Conn. 


TRACING CLOTH and PAPER 


Arkwright Finishing Co., Providence, B. 1 

Holliston Mills, Inc., No . 88. 

Keuffel & Esser Co., Hoboken, N. 4. 
‘‘Albanene,”’ ‘“Phoenix.’’ 


TRANSFER SWITCHES. See Switehes. 


TRANSFORMERS FLUORESCENT 
BALLAST. See Fluorescent 
Auxiliaries. 


ELECTRICAL MANUFACTURING 








‘ As 
e hnt-Line 
Stride cons or step 
16 $ of sma 


Sn Small Lots 


Dayton Rocers 


Minneapolis (7), Minn. 





ANNOUNCES 
THE NEW 
No. 22 
“TWIN-CLIP" 


Has Jaws on Both Ends — New and Different! 


Both jaws may be opened at the same time, or either jaw 
separately. 2" long, cadmium plated steel, has screw con- 
nection. 

Used for quick splices, testing or repairs. For racking ar- 
ticles in industrial processing, holding record cards, etc. 


Send for FREE SAMPLES and Complete Catalog 601 


1603 E, 31st S#. 
Cleveland 14, O. 
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Then why use manpower to move materials in your plant. 
Potdevin Straight-Line Conveyors cut out this waste. They 
fetch and carry while “non profit” personnel do produc- 
tive work. Materials — unfinished and finished products 
— flow continuously through your plant from stock room 
to shipping. 


Potdevin Conveyors carry anything that will ride on a 
canvas belt. Installation is simple. No operator is needed 
except to turn on the power and adjust belt speed to 
current requirements. Many Straight-Line Conveyors are 
portable giving you great flexibility in plant layout. 


Don’t let “rickshaw” methods build up your overhead. 
Take the straight line to profits. Write for the bulletin 
on Potdevin Straight-Line Conveyors. 


R) POTDEVIN 


RoToevy MACHINE CO. 
1278 —38th Street—Brooklyn 18, 


REPRESS — $$$ $$ ny 


Quantity 


PRODUCTION 


of 
GREY IRON CASTING 


AF 
s 


ONE OF THE NATION’S 


LARGEST AND MOST MODERN 
PRODUCTION FOUNDRIES 


+ 
al 
7 


ESTABLISHED 1866 


Me ree BY 


FOUNDRY DIVISION 


MAIN OFFICE AND MANUFACTURING PLANTS 


CHATTANOOGA 2, TENNESSEE 
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SLASH FASTENING COSTS 


on nut and bolt 
assemblies 
with 


 PALNUT 


SELF-LOCKING 


NUTS 


On most light assemblies, a sin- 
gle “PALNUT” replaces com- 
mon nut and washers. You re- 
duce material and labor costs— 
cut assembly time—save space 
and weight, while gaining the 
security of “PALNUT” double- 
locking action. Send details of 
fastening problem, for samples 
of “PALNUTS”. Ask for litera- 
ture on entire line. 


THE PALNUT COMPANY 
66 Cordier Street 
Irvington i, New Jersey 


Low in cost 
Vibration-proof 


Speedy assembly with 
hand or power drivers 


Small space 
Light weight 


Many types for various 
needs 


IF YOUR PRODUCT DEMANDS INSTANT 
STARTING, MORE POWER AND 


LONGER LIFE 9 our ) ow . : 


cnn lik 
SPRING ROTOR 


It's the two step-cut 
balanced Fiat Band Spring 
Rotor that means more 
power, absolute accuracy 
and longer life . . . and 
starting is really ‘‘self- 
starting” — practically in- 
stantoneous .. . full syn- 
chronous speed is reached 
in a fraction of a second. 
Hagen Synchronous Motors 
develop a greater torque 
thon motors of similar 
types . . . 40” oz. at 1 
RPM .. . available in a 
wide range of speeds from 
1 RPM to 720 RPM—can 
be furnished with external 
gear reduction to provide 
output speeds of 1 RP 10 
minutes to 1 RP 72 hours. 

Let us tell you how your 
products may have the as- 
surance of Hagen continu- 
ous operation under unusu- 
al power demands. Write 
today for complete data. 


HAGEN MANUFACTURING COMPANY, Inc., Baraboo, Wisc. 


AGEN rotons. 
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cu 
Acme Electric Corp., 
N. Y. 


TRANSFORMERS, INSTRUMENT 
RRENT 


353 Water, Cuba, 


Allis-Chalmers Mfg. Co., 937A 8S. 70, 
Milwaukee 1, Wis. 

Chicago Transformer Div., Essex Wire 
Corp., 3501 Addison, Chicago 18, Il. 
5 Electric Co., 93 Main, Winsted. 
Federal Telephone and Radio Corp., Dept 
a 100 Kingsland Rd., Clifton, 


J 
Ferranti Electric, Inc., 30 Rockefeller 
Plaza, New York 20, N. Y. 
General Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. Y. 
Light Electric Corp., 214 Lackawanna 
Ave., Newark 4, N. J. 
Standard Transformer Co., Warren, O. 
Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 30, Pa. 
Weston Electrical Instrument Corp., 617 
Frelinghuysen Ave., Newark 5, N. J. 


TRANSFORMERS, POWER CIRCUIT 
Acme Electric Corp 353 Water, Cuba, 
N. ¥ 


Allis-Chalmers Mfg. Co., 937A 8S. 70, 
Milwaukee 1, Wis. 
Chicago Transformer Div., Essex Wire 
Corp., 3501 Addison, Chicago 18, Ill. 
Comar Electric Co., 3148 N. Washtenaw 
Ave., Chicago 18, Ill. 

Dano Electric Co., 93 Main, Winsted, 
Conn. 

Davis & Co., 


Dean W., 1006 First, Kent- 
land, Ind. 


Dongan Electric Mfg. Co., 2979 Franklin, 
Detroit 7, Mich. 

Electricoil Transformer Co., 417-21 Canal, 
New York 13, we 

Ferranti Electric, Inc., 30 
Plaza, New York 20, N. Y. 

General Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. Y. 

Gramer Co., 2734 N. Pulaski Road, Chi 
cago 39, Ill. ‘“Gracoil.”’ 

Light Electric Corp., 214 Lackawanna 
Ave., Newark 4, N. J. 

Hevi Duty Elec. Co. - Milwaukee, Wis. 

Kenyon Transformer Co., Inc., 840 Barry, 
New York 59, N. Y. 

Nothelfer Winding Laboratories, 11 Albe- 
marle Ave. Trenton 3, N. J. ‘‘N-W-L.”’ 

Radio Corporation of America, Commer- 
cial Engineering, Section 41-CR, Har 
rison, N. 

Standard Transformer Co., Warren, O 

Vickers Electric Div., Vickers, Inc., 1815 
Locust, St. Louis °s, Mo. 

Wagner Electric Corp., 6454 Plymouth 
Ave., St. Louis 14, Mo. 

West Coast Elec. Mfg. Co., 
Main, Los Angeles 3, Cal. 

Westinghouse Electric Corp., P. O. Box 
868. Pittsburgh 30, Pa. 

Wheeler Insulated Wire Co. 1203 E 
Aurora, Waterbury 91, Conn, 


Rockefeller 


10006 ‘S. 


TRANSFORMERS, RADIO CIRCUIT 
Acme Electric Corp., 353 Water, Cuba 
ms oe: 


Chicago Transformer Div., Essex Wire 
Corp., 3501 Addison, Chicago 19, Ill. 
Dano Electric Co., 93 Main, Winsted, 


Conn. 

Davis & Co., Dean W., 1006 First, Kent- 
land, Ind. 

Electricoil Transformer Co., 417 Canal, 
New York 13, N. Y. 

Federal Telephone and Radio Corp., Dept. 
So 100 Kingsland Rd., Clifton, 

Ferranti Electric, 30 Plaza, 
New York 20, N. Y. 

Gramer Co., 2734 N. Pulaski Road, Chi- 
cago 39, ill. “‘Gracoil.”” 

Hevi Duty Eléc. Co., Milwaukee, Wis. 

Light Electric Corp., 214 Lackawanna 
Ave., Newark 4, N. J. 

Nothelfer Winding Laboratories, 11 Albe- 
marle Ave., Trenton 8, N. J. ‘“‘N-W-L” 

Peerless Electrical Prod Div., Altec-Lan- 
sing Corp., 6920 McKinley Ave., Los 
Angeles 1, Cal. 

Radio Corporation of America, Commercial 
a Section 41-CR, Harrison 


3570 Kiston 


Rockefeller 


Standard Transformer Corp., 
Ave., Chicago 18, Ill. 

Wheeler Insulated Wire Co 1203 E 
Aurora, Waterbury 91, Conn 


TRANSFORMERS, VARIABLE 
VOLTAGE 


Acme Electric Corp., 355 Water Cuba 
a. 


Hevi Duty Elec. Co., Milwaukee, Wis. 

Sorensen & Co., 375 Fairfield Ave., Stam- 
ford, Conn. 

Standard Transformer Corp., 3570 Elston 
Ave., Chicago 18, Ill. 

Superior Electric Co 8039 Meadow St 
Bristol, Conn. 


TUBES, CATHODE RAY 

General Electric Co., Electronics Dept., 
Thompson Rd., Syracuse, N. Y. 

Radio Corporation of America, Commercial 
Engineering Section, 41-CR, Harrison, 


N. J 


TUBES, ELECTRON (Industrial) 


Federal Telephone and Radio Corp., Dept. 
7s 100 Kingsland Rd., Clifton, 


General Electric Co., Electronics Dept., 
Thompson Rd., Syracuse, N. Y. 
Radio Corporation of America, Commer- 
cial Engineering Section, 41-CR, Har- 
rison, N. J. 

Raytheon Mfg. Co., Waltham * Mass. 

Westinghouse Electric Corp., P. 0. Bor 
868, Pittsburgh 30, Pa. 


TUBES, METALLIZED GLASS. See 
Glass, Technical. 


TUBES, PHOTOELECTRIC. See Phote- 
electric Cells & Tubes. 


TUBING, ALUMINUM. See Aluminum. 


resins. BRASS, BRONZE and COP. 
R. See Brass, Bronze and Copper. 


TUBING, FIBRE. See Fibre. 


TUBING, LAMINATED METAL. Bee 
Laminated Metals. 


TUBING, MICA. See Mica. 


TUBING, NICKEL and NICKEL ALLOY 
American Brass Co., Waterbury 88, Conn 


*“* Anaconda.”’ 

General Plate Div., Metals and Controls 
Corp., 401 Forest, Attleboro, Mass. 
International Nickel Co., Inc,, 67 Wall, 

r Y. “‘Inco,’””” **Inconel,” 
Revere Copper & Brass, Inc., 230 Park, 
New York 17, N. Y. 


TUBING, PAPER 


Paramount Paper Tube Corp., 612 Lafay- 
ette, Ft. Wayne 2, Ind. 

Precision Paper Tube Co., 2035 W 
Charleston, Chicago 47, Il. 


TUBING, SILVER. See Silver and Silver 
Alloys. 


TUBING, STEEL. See Steel, 
cial Grades and Forms. 


Commer. 


TUBING and SLEEVING, BRAIDED 
FABRIC. Textile or Glass-Fibre, 
treated with lacquer, varnish or syn- 
thetic resin. 

Bentley, Harris Mfg. Co., Dept. M-32, 
Conshohocken, Pa. 

Brand & Co., William, 276 Fourth Ave.. 
New York 10, N. Y. “Turbo.” 

General Electric Co., Plastics Div., Chem! 
cal Dept. (BC-11), 1 Plastics Ave., 
Pittstield, Mass. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, I 
‘Diefiex.’ 

Irvington Varnish & Insulator Co., Irv. 
ington 11, N. J. ‘‘Irv-O- Volt.’ 

Mitchell-Rand Insulation oo +» 5) 
Murray, New York 7, N. **Hygrade. 

National Varnished Lbrodieets Corp., 201 
Randolph Ave., Woodbridge, an 
**Natvar.’’ 

Owens-Corning Fiberglas Corp., Dept. 
866, Toledo 1, O. ‘“Fiberglas. : 
Varflex Corp., 309 Jay, Rome, N. Y 
*‘Mirac.”” *“*Varglas.” 
Westinghouse Electric Corp., O. Ba 
868, Pittsburgh 30, Pa. ‘puttensell.” 


TUBING and SLEEVING, Extruded 
Piastic. 

Brand & Co., ee Bll a Ave., 
New York 10 as 

General Electric Co., Plastics Div., Chemi- 
cal Dept. (BC- 11), 1 Plastics Ave., 
Pittsfield, Mass. 

Insulation Manufacturers Corp., 565 W 
Washington Blvd, Chicago 6, } 

Irvington Varnish & Insulator Co., Irv. 
ington 11, N. J. ‘‘Fibron,’’ “‘Irv-o-lite, 


‘Transfiex.”’ 

Mitchell-Rand Insulation Co., 51 Murray. 
New York 7, N. 

National Varnished Products Corp., 201 
Randolph | Ave., Woodbridge, N. 4 
“‘Natvar 

National Tuleanised Fibre Co., Wilming 
ton 99, Del. 

New Jersey 
trical Insulation Dept., 
N. J 

Phalo Plastics Corp., 25 Foster, Worce- 
ter 9, Mass. 

Varflex Corp., 309 Jay, 
“*Syntholvar.’’ 


Wood Finishing Co., Elee 
Woodbridge, 


Kome, N. Y 


wee @ side 

(See also Contacts 

Fansteel Metallurgical Corp., North Chl 
cago, 5 

Mallory & Co., Inc., P. B., Indianapolis 
6, Ind 


UNDERCUTTERS, MICA. See Mis 


Undercutters. 


VACUUM TUBES. See Tubes, Cathod 
Ray, Tubes, Electron. 


VALVES, MOTORIZED or SOLENOID 
OPERATED 

Automatic Switch Co., 
Orange, N. J. 

Barber-Colman Co., Rockford, Ill. 

Brown Instrument Co., 4466 Wayne Ave. 


393 Lakeside Ave 


Philadelphia 44, Pa. 

Clark Cooper Co., 425 Market, Palmyre 
m, 2 

Denison Engineering Co., 1160 Dublie 
Rd., Columbus 16, O. 

General Controls, 801 Allen Ave., Glen: 


dale 1, Cal. E 

General Electric Co. Section = ¢ -67, 
Apparatus Dept., Schenectady 5, 

Magnatro!l Valve ‘Corp., 67 Fifth is 
Hawthorne, N. J 

Mercoid Corp., 4227 W. 
Chicago 41, Il. 

Skinner Electric Valve Division, Skinne 
Chuck Co., 130 Belden Ave., , 
Conn. 

Waterman Engineering Co., 721 Custer 
Ave., Evanston, Ill. 

Westinghouse Electric Corp., P. 0. Bo 
868, Pittsburgh 30, Pa. 


Belmont Ave., 


ELECTRICAL MANUFACTURING 

















IF IT’S 
SPECIAL 
SEE 





KEEP YOUR COSTS DOWN 


Progressive specializes in manu- 
facturing special heads, threads 
and finishes on any metal or alloy 
adapted to cold upset. Please 
write for catalog showing many 
Progressive specials. Catalog in- 












cludes purchasing and engineer- 
ing helps. 


The PROGRESSIVE 
MANUFACTURING CO. 


44 NORWOOD ST. 
TORRINGTON, CONNECTICUT 













ENLARGED VIEW 





GEARS Small and Medium 


SPURS SPROCKETS THREAD = & 
(aheme GRINDING 
and external) RACKS COMPLETE re. 
HELICALS | WORMS GEAR we 
STRAIGHT WORM TRAINS 
BEVELS GEARS se 


prints for estimate 





1035 PARMELE ST. 


Shsco 


ELECTRICAL 
CONNECTORS 


ROCKFORD, ILLINOIS 


MANY TYPES IN 
ALL SIZES 


COOLER, MORE 
ECONOMICAL 


1LSCO COPPER TUBE & PRODUCTS, INC., Cincinnati 27, Ohio 


Fjll out and mail for 54-page illus- 
trated catalog. | 


APRIL 1949 





el, 


TIMING MOTORS 


AND 


TIME MACHINES 

























For The Makers 
Of All Types of 
Timing Devices... 


Patented SYNCHRON Motors are com- 
pactly built, with rotor and coil nested in 
a sturdy, streamlined case 234 in. x 14g 
in.—with power to pull 8 oz. direct load 
continuously at 1 RPM. 


Operates Efficiently 
At Any Angle... 


Motor has oil storage reservoir and pat- 
ented oil feed to bearings. Double bear- 
ings on rotor, reduction, and output shafts 
reduce vibration, assure quiet, trouble- 
free operation. 


No Compromise 
For Quality... 


Brass gears operate against steel pinions, 
babbitt bearings bathed in oil, hardened 
steel shafts, high precision machining, 
careful finishing, and minute inspection 
of all parts . . . these are the “plus” 
values in all SYNCHRON Timing motors 
and Time Machines which have earned 
the confidence of leading manufacturers 
of all types of timing devices 


If you have any spe- 
cial timing problems, 
feel free to call on us 
for suggestions. Com- 
plete engineerirg data 
sent on request. 


iT 
HANSEN MANUFACTURING CO., INC. 


Established 1907 - a Pioneer in Synchronous Motor 


PRINCETON 3, INDIANA 
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IF it’s fibre, plastic or thin 
metal fabrication - 


URL da 
FIBRE 


PHENOL FIBRE 
UBS ies | 
Abt), 
NEOPRENE 
HARD RUBBER 
ASBESTOS 
Nldaaiit 
THIN METALS 
Tt ee 


SAMPLES OR 
SKETCHES FOR 
ESTIMATES 


PHENOL FIBRE 


Punched, stamped, drilled, sheared, sawed, 
tapped, threaded, milled, etc.—(no molding) 


Modern machines, an able staff and wide ex- 
perience in supplying all types of industrial 
users enables us to offer complete satisfaction 
on every fabricating job. And all production 
is carefully inspected for quality before ship- 
ment. BAER engineers will plan your fabrica- 
tion for best results and can offer particularly 
economical work on volume orders. 


N.S. BAER COMPANY 


MONTGOMERY STREET, HILLSIDE, NEW JERSEY 


APES NLS 
PLL mL 





VARNISHED FABRICS. See Fabrics, 
Insulating. 


VARNISHES, COMPOUNDS AND 
RESINS, INSULATING 
Ape Wire Co., 1255 Dixwell Ave., New 
aven, 
Bakelite Corp., Unit of Union Carbide & 
Carbon Corp., wk 15, 30 E. 42nd, 


New York 17 
C. Borthig Co.. Ine 8 State High- 


bot: 
vs piso Madison Ave., New 


Dolph Co., John C., 1058 Broad, Newark 
8, N. J. “Chinalak,” “Electric Lao- 


quer,’’ “‘Synthite.’’ 
bw Corning Corp., Midland, Mich. 
Silicone,” “Silastic.” 
du _ Pont de Nemours & Co., Inc., EB. L., 
Finishes Dept., Wilmington, Del. 
oe Plastics & Chemicals, 
Walck Road, North Tonawanda, N. Y. 
General Electric Co., Section RIMA 78, 
Resin and Insulation el Div 
Chemical Dept., Schenectady 5, N. Y. 


““Glyptal.”’ 
P. D., St. Louis, Mo. 


George Co., 

teen ee f 

nsulation nufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 

Irvington Varnish and Insulator Co., Irv- 
ington 11, N. 

= Insulator Co., Schenectady 1, N. Y. 


Mitchell. Rand Insulation Co., Inc., 51 
Murray, New York 7, N. Y. 

Monsanto Chemical a Plastics Div., 
Dept. EMP-15, Springfield 2, Mass. 
National Varnjshed Prods., ,207 Randolph 
Ave., Woodbridge, N. J. ‘‘Natvar 400.” 
Schenectady Varnish Co., Inc., 100 Con- 

gress, Schenectady, N. Y. 
Westinghouse Elec. ae , P. O. Box 868, 
Pittsburgh 30, Pa 


VARNISHES, FINISHING. 


| See Lacquer 
Enamels and Varnishes. 


VARNISHES, INSULATING. 
nishes, Compounds and Kesins. 


See Var- 


V-BELTS. See Drives, V-Belt. 


VIBRATOR CONVERTERS 
= wt Television & , Radio Co., St. 


Paul Minn. “ATR 
35- 18 75th, Long 


thy "Electric Co., 
Island City 1, N. ¥. 
Inc., P. R., Indianapolis 


Mallory & Co., 
Ind. 


VOLTAGE REGULATORS. See Regu- 
lators, Woltage. Transformers. Vari- 
able Voltage. 


VOLTMETERS. See Instruments. 


VOLUME CONTROLS, 
=» Enamels and Varnishes. 
VULCANIZERS, CABLE 
Mines Rotoment Co., 4223 Cl 
St. Louis 10, Mo. cintinames 


WASHER, BEARINGS. 
and Bushings. 


WASHERS, INSULATING 
See Specific Material. 


WASHERS, METAL. See Fasteners. 


RADIO. Bee 


See Bearings 


WAXES AND COMPOUNDS 


Bakelite Corp., Unit of Union Carbide & 
Carbon Corp., Dept. 30, 30 E. 42nd, 
New York 17, N. Y. 

Biwax Corp., 8445 Howard, Skokie, Ill. 

Dow Corning Corp., Midland, Mich. 

“*Bilastic.’’ 

General Electric Co., Section RIMA-678, 
Resin and Insulation aerials Be. 
Chemicel Dept., Schenectady 5 ze 

Mica Insulator Co., Sthenectady 1 Z. 

Mitchell-Rand Insulation Co., — 51 
Murray, New York 7, N. Y. 

= Inc., 130- 26th, Brooklyn 


WEDGES AND PEGS, ARMATURE 


Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, i 
Mica Insulator Co., Schenectady 1 2. 
Mitchell-Rand Insulation Co., Ine.. 51 

Murray, New York 7, N. Y. 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 


WELDING EQUIPMENT 


Allis-Chalmers Mfg. Co., 937A S. 70, 
Milwaukee 1, Wis. ‘‘Ampac,’’ ‘‘Weld- 
Q-tron.’’ 

DoALL Company, 254 N. Laurel Ave., 
Des Plaines, Ill. 

Federal Machine & Welder Co., Dept. 
_ Clermont & Overland Aves., Warren, 


General Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. Y. 


(ARC) 
Westinghouse Electric Corp., P. O. Box 


2025, Buffalo 5, N. Y. (Flexarc.) 


WHEELS, FAN AND BLOWER 


Janette Mfg. Co., 556 W. Monroe, Chi- 
cago 6, 


WIRE AND CABLE, BARE 


American Brass Co., Waterbury 88, Conn. 
“* Anaconda.”’ 
sine Steel & Wire Co., Cleveland 13, 


Anaconda Wire and Goble Cypoess, 3 
Broadway, New York 4, N. 

Bridgeport Brass Co., Briaaeoert 2 2, Cona. 

Bristol Brass Corp., Bris 

Cornish Wire Co., Ine, 15 Park Rew, 
New York 7, N. ¥. “Corwico.” “‘No- 
flame-cor.”’ 

Electric Auto-Lite Co., Port Huron, Mieh. 

General Electric Co., Section on 67, 
Apparatus Dept., Schenectady 5. 7, 


es Wire Co., “Winsted Div., Winsted, 
Rocwling’® Sons Co., John A., Trenten 3, 
Rome Cable Corp., Dept. E. M., Reme, 


WIRE AND CABLE, INSULATED 
Asbestos (A) 


Rubber 8} 
Varnished Fabrie (C) 
Thermoplastic (T) 

Coaxial Cable (xX) 
American Electrical Heater Co., Detreit 

2, Mich. (B) 

American Steel & Wire Ce., Cleveland 
18, oO. *‘Amerbestos,”’ ‘*Amerclad,”’ 
“Ampvrol,”” “USS” (ABCT) 

Anaconda Wire & Cable Company, 25 
Broadway, New York 4, N. Y. 


(ABCTX) 

Belden Mfg. Co., 4683 W. Van Buren, 
Chicago 44, Ti. (ABTX) 

Boston Insulated Wire & Cable Co., Dor- 
Gone 25, Mass. (BTX) 

Brand & Co., William, 276 Fourth Ave., 
New York 10, N. Y¥. ““‘Turbotherm (T) 

Cornish Wire Co., Ine., 15 Park Row, 
New York 7, N. Y._‘*Corwico’’ (BT) 

Electric Auto-Lite Co., Pert Huron, Mich. 


(AB) 
Essex Wire Corp., Fort Wayne, 6, Ind. 


(BT) 

Federal Telephone and Radio a soe 
Passaic Ave., East Newark, N. J. 
“Intelin’ (TX) 

General Electric Co., Section W11-1122, 
Construction Materials Dept., Bridge- 
port 2 Conn, “Flamenol,”’ **Formex,”’ 
‘Glyptal,”” ‘‘Versatol.”” (ABCX) 

Lewis Engineering Co., Naugatuck, Conan. 
(A) 


National Electric Prod. Corp., 1313 
Chamber of Commerce Bldg., Pittsburgh 
19, Pa. (A) 

Okonite Co., Passaic, N. J. 

eo be 25 Foster, Worces- 
ter ass 

Radix Wire Co., 2800 EK. 55th, Cleveland, 
0. (A) 

Rockbestos Products Corp., 851 Nicoll, 
New Haven 4, Conn. (AT) 

Roebling’s Sons Co., John A., Trenton 2, 


N. J. 
Rome Cable Corp., Dept. EM, Rome, 
N. Y. (BT) 
Sprague Electric Co., North Adams, Mass. 
United States Rubber Co., 1230 Avenue 
of the Americas, New York 20, N. Y. 
**Ru-Laytex’’ (BT) ‘ 
Wheeler Insulated Wire Co., 1203 E. 
Aurora, Waterbury, Conn. 


WIRE FORMS 

Accurate Spring Mfg. Co., 3917 W. Lake, 
Chicago 24, Ill. 

Ace Spring Mfg. Co., 77 W. Houston, 
New York 12, N. Y. 

Barnes Co., (Div. Associated 
Spring Corp.), Bristol, Conn. 

Barnes-Gibson-Raymond, 6400 Muler Ave., 
Detroit 11, Mich. 

Blake & Johnson Co., 1495 Thomaston 
Ave., Waterville 48, Conn. 

Cuyahoga Spring Co., 10270 Berea Rosé, 
Cleveland 2, O. 

Gibson Co., William D. (Div. Associated 
Spring Corp.), 1800 Clyboure Ave, 
Chicago 11, Il. 

Hubbard Spring Co. toe D., 575 Centra) 
Ave., Pontiac 

Illinois Coil Series C0 2100 N. Major 
Ave., Chicago 

Lewis Spring & on 2646 W. North 
Ave., Chicago 

Raymond ms. . > (Div. Associated 
Spring), Corry, a. 

U, s. Steel Wire Spring Co., 7800 Finney 

Ave., Cleveland 5, O. 


WIRE, MAGNET 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Anaconda Wire & Cable Company, % 
Broadway, New York 4, N. Y. 

Belden Mfg. Co., 4633 W. “Van Bures, 
Chicago 44, Ml. 

Chase Brass & Copper Co., Ine., Water- 
bury 91, Conn. 

Electric Auto-Lite Co., Port Huron, Mich. 
“Formvar,”’ ‘‘Vega Chromoride.”’ 

Essex Wire Corp., Fort Wayne 6, Ind. 
‘*Extra-Test.”’ 

General Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. Y. 
‘‘Formex.’ 

Hudson Wire Co., Winsted Div., Winsted, 
Conn. 

Rockbestos Products Corp., 851 Nicoll, 
New Haven 4, Conn. 


“Rosbling’s Sons Co., John A., Trenton 3, 


Rome, 


Rome Cable Corp., Dept, EM, 
a 
1203 E. 


Wheeler Insulateed Wire Co., 
Aurora, Waterbury, Conn. 


WIRE, MAGNETIC RECORDINGS 
See Magnetic Recording Tape and 
Wire. 


WIRE, NICKEL. See Nickel and Nickel 
Alloys. 


ELECTRICAL MANUFACTURING 
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